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THE 
ADVANCEMENT OF SCIENCE 


INTRODUCTION 


Tue British AssociATION was born of the period of reconstruction which 
followed the Napoleonic wars ; it has been in a sense reborn of the period 
since the war of 1914-18. In 1919 there were those who viewed its future 
with some misgiving, fearing that its mechanism was outworn, and that its 
methods would prove to be unsuited to the advancement of science in (what 
was called) a changing world. But both mechanism and methods proved 
themselves adaptable to new demands, and it is certain that the Association 
has been during the past twenty years more steadily active in the successful 
prosecution of its objects than at any earlier time since the first few years of 
its establishment. This is not the place to offer chapter and verse for such 
an assertion ; but it is made with confidence. And with a like confidence, 
another post-war period of rebirth is to be anticipated. 

The meeting of the Association at Cambridge last year was fruitful in plans 
for the expansion of the Association’s interests. At that meeting there was 
founded the Division for the Social and International Relations of Science, 
the activities of which, during the first year of its existence, are summarised in 
a short report included in these pages. At Cambridge also there was happily 
established a new and stronger liaison between the British and American 
Associations for the Advancement of Science, which resulted inter alia in the 
foundation of an annual lecture to be given in alternate years by an American 
speaker at a meeting of the British Association, and by a British speaker at 
a meeting of the American Association. The stage was set, at the recent 
meeting in Dundee, for Dr. Isaiah Bowman to deliver the first of these lectures. 
Alas, the meeting was dissolved before the date appointed for the lecture was 
reached. Dr. Bowman himself was on his way to Dundee—was indeed within 
a few miles of us—when news of the cancellation of the meeting reached him 
at Perth railway station, and he, as he has told us, crossed the platform to a 
train bound southward. 
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Another of the important new measures decided upon at Cambridge was 
the publication of the annual report of the Association in quarterly parts, 
under the title of THz ADVANCEMENT OF SCIENCE, of which this is the first 
issue. It takes the place of the annual volumes which have been published 
by the Association without intermission from 1831 to 1938. It might have 
been imagined that such a series of volumes, if only for the sake of their not 
unimposing appearance upon the bookshelf, would not have been readily 
condemned to extinction. But for many years there has been evident a 
growing tendency to regard them as an incubus in the library, and as a place 
of premature burial for scientific communications unworthy of such a fate. 
Time and again it has been found that an inquirer into some special branch of 
science, desiring to possess a report or discussion thereon running to a few pages, 
was not unreasonably aggrieved when compelled to acquire a book of several 
hundred pages in which that particular matter happened to be interned. 
Quarterly publication should at least in a measure abolish that difficulty. 

THE ADVANCEMENT OF SCIENCE is intended in the future to make a wider 
appeal to lay readers of scientific matter than an annual volume could possibly 
make. But here the circumstances in which our first number appears compel 
the entry of a caveat. There is material in hand, from the Dundee Meeting 
of the Association, and from the activities of the Division for the Social and 
International Relations of Science during the past year, to provide for the 
issue of three or four parts in something approaching the form (though perhaps 
not in the bulk) that was intended. It may under certain conditions become 
necessary to defer subsequent issues due within the present year ; as to the 
future, it can only be said that at the moment of writing, preparations for the 
intended meeting of the Association next year in Newcastle-upon-Tyne are 
in abeyance. 

Apart, however, from the reporting of the annual meetings, quarterly 
publication has been adopted with the intention of combating the belief, 
hitherto widely prevalent through the lack of an effective channel of com- 
munication, that the Association, after any one such meeting, lapses) into a 
coma until it is time to awaken itself for the next. In normal circumstances, 
that is far from the truth—farther than ever during the past year, when the 
new Division, having been empowered to hold meetings of its own ‘ at times 
and in places other than those of the annual meetings of the Association,’ 
has done so in Reading, in London, and in Manchester. 

To what extent these and other activities may in the future be temporarily 
curtailed obviously cannot be forecast. At the moment routine business is 
in progress, some of it at the office in Burlington House, some at Down House 
in Kent. In case this should meet the eyes of persons unfamiliar with the story 
of Down House, it may be mentioned that it was the home of Charles Darwin, 
became the property of the Association by the gift of Sir Buckston’ Browne, 
and is maintained by us as a national memorial, freely open to the public in 
normal times. On August 24 last the word was given to close it and to take 
the precautions previously arranged ; the objects of historical value, Darwin’s 
and others, were placed (it is hoped) in safety, and these lines are written in 
what once was Darwin’s dining-room, now dismantled and in use as an office. 
Other rooms in the house are equipped as the first-aid post for the village of 
Downe, and as a hospital supply depot, so that the Association and the public 
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owe a further debt of gratitude to Sir Buckston Browne for his gift, for reasons 
far other than those for which that gift was originally made. 

The mention of that date, August 24, brings to mind the conditions in 
which the final preparations for the Dundee Meeting were carried out. There 
was then no question of abandoning the Meeting. The local committee, 
consisting of civic, university, and other representatives, already deeply con- 
cerned as some of them were with emergency duties, never hinted at such 
action. Their preparations, admirably conceived and executed, allowed of 
opening the meeting without the faintest sense of difficulty. The local support 
by way of temporary membership was far above the average, as the General 
Treasurer was able to state when, at the inaugural meeting, he announced 
the total number of tickets issued, a note as to which follows this introduction. 
It was pitiable that a meeting begun with these exceptional prospects of 
broadening the public interest in science should have been cut short, but it 
would have been more so had it not even been begun. An aphorism attributed 
to the late Lord Rutherford recalls itself to memory: ‘ It is better to have 
boomed and bust than never to have boomed at all.’ If Michael Finsbury’s 
sentiment that there is ‘ nothing like a little judicious levity’ be admitted, 
that aphorism is profoundly true of the Dundee Meeting. 

The meeting, then, opened as appointed on August 30 with the inauguration 
in the Caird Hall, the splendid building of which the name commemorates its 
donor, Sir James Caird, whom also the Association commemorates through 
the munificent monetary gift for research made to us by him in 1912, and 
recorded since in our annual accounts as the Caird Fund. The President, 
Sir Albert Seward, F.R.S., delivered the inaugural address which follows in 
these pages. Next day the Sections opened their sessions ; the Division for 
the Social and International Relations of Science also held a meeting, and the 
reception by the Lord Provost and Corporation took place in the Caird Hall 
that evening, its brilliance unimpaired. On Friday, September 1, the Sections 
continued at work ; the first of two intended special sessions on jute, organised 
with the interests of the great Dundee industry in mind, was held, and other 
incidental fixtures in the programme were carried out without restriction. 

.But by this time the components of the remaining days’ programme were 
melting like icicles in a thaw: the evacuation of children from Dundee was 
ordered to begin, and excursions arranged for the Association on the Saturday 
must needs be curtailed ; messages of inability to attend were accumulating 
from those expected to take part in the subsequent scientific transactions ; 
many, already in Dundee, were being recalled to duties elsewhere. When the 
General Committee met on Friday afternoon, September 1, and heard reports 
of their difficulties from Sectional representatives, it became apparent that the 
meeting could not be carried through, and it was accordingly ordered to be 
closed as from that evening. The Reception Room remained open on the 
Saturday, to enable officers and members to wind up their business. 

It was arranged that scientific communications not actually delivered 
should be taken as read, so that it is hoped to publish some of these in sub- 
sequent issues of this report. ‘The emergency arrangements as to grants of 
money for research committees should also be recorded here. Few of the 
sectional committees had made their recommendations concerning grants ; 
the Committee of Recommendations did not meet, and the General Committee 
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empowered the General Officers, after consultation with appropriate Sectional 
Officers, to make grants to research committees, subject to reference to the 
Council if in session. An inquiry has since been instituted as to how far 
individual research committees expect to be in a position to carry on their 
work in the immediate future. 

The General Committee, otherwise, discharged their usual functions so 
far as it was possible to do so. They accepted, with acclamation, the Council’s 
nomination of Sir Richard Gregory, Bt., F.R.S., as President of the Association 
for the year 1940. They reappointed the General Officers, and appointed 
the Council, in accordance with the list printed elsewhere in this issue. They 
were reminded that invitations have been accepted for the Association to 
meet at Newcastle-upon-Tyne in 1940, at Belfast in 1941, at Birmingham in 
1942 ; and they received, and accepted, an invitation for a meeting in Brighton 
in 1943. May it prove possible to answer all these friendly calls! The 
General Committee addressed a loyal message to the King, Patron of the 
Association : this, and His Majesty’s gracious answer, are quoted below. 
And lastly, with something deeper than the usual warmth, the Committee 
thanked the City and the University College of Dundee, and all in Dundee 
and the vicinity who had contributed to the success of the meeting. 


* * * * * 


MEMBERSHIP AT THE DUNDEE MEETING 


The General Treasurer, at the Inaugural Meeting on August 30, announced 
the number of tickets issued down to that date as 3,090. Further issues on 
the two following days brought the final figure to 3,186. It is worthy of note 
as showing the enthusiasm with which Dundee entered into the preparations 
for the meeting, that in the 106 meetings of the Association held between 
1831 and 1938, a total of three thousand members had been passed on only 
seven occasions, excluding as exceptional the Australian meeting (1914) and 
the Centenary in London (1931). The seven occasions referred to are these : 
Manchester (1861), 3,138 ; Newcastle-upon-Tyne (1863), 3,335 ; Manchester 
(1887), 3,838 ; Liverpool (1896), 3,181 ; Liverpool (1923), 3,296 ; Oxford 
(1926), 3,722 ; Glasgow (1928), 3,074. The average for ten years preceding 
the present year and excluding 1931 has been 2,410. 


* * * * * 
THE LOYAL MESSAGE AND THE KING’S REPLY 


The following was the message sent to the King by the President on behalf 
of the Association on September | : 

The British Association, whose meeting in Dundee is unhappily 
shortened by the present anxieties, send humble and affectionate greetings 
to His Majesty their Patron, and assure him, were assurance necessary, 
of their continued devotion and loyalty. 

SEWARD, President. 
The following reply was received : 

Please convey to all assembled the King’s sincere thanks for their 

loyal assurances which His Majesty as Patron much appreciates. 
PRIVATE SECRETARY. 
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THE PRESIDENTIAL ADDRESS 


THE WESTERN ISLES THROUGH THE 
MISTS OF AGES 


BY 


Emeritus ProFessor Sir ALBERT C. SEWARD, Sc.D., D.Sc., 
LL.D., F.R.S. 


INTRODUCTORY. 


TWENTY-SEVEN years ago, when the British Association met for the second 
time in Dundee, Sir Edward Schafer chose as the subject of his presidential 
address, the Nature, Origin, and Maintenance of Life ; he discussed problems 
that will long continue to exercise the ingenuity and stimulate the imagination 
of biologists and chemists. A theme such as his is far beyond my reach. 
Seventy-two years ago the Association met for the first time in this city. 
The Duke of Buccleuch occupied the presidential chair, and the opening 
words of his address are applicable to one who now finds himself in this 
privileged position : the Duke said ‘ No man has a title to state that he is 
unworthy of the post he is called on to fill, whatever may be his private 
feelings as to his fitness for the post. To state that he is unworthy to be there 
placed is not only a disparagement to himself, but is no great compliment to 
those who thought him worthy of being so placed.’ 

This, in my opinion, is not an occasion on which it is desirable to follow 
the easier course and address oneself in technical language to fellow-workers 
in the pursuit of natural knowledge. The position which it is my great 
privilege to occupy affords a rare opportunity of talking to a large and, 
I venture to hope, a sympathetic audience including some at least who are 
repelled by the jargon of specialists. My intention is to speak in ordinary 
language on a subject of which I know enough to realise how little that 
knowledge is, and briefly to describe an example of the way in which, within 
one small patch of an illimitable field, a student asks questions of Nature and 
does his best to interpret the answers. 


An EXCURSION INTO THE PASsT. 


I invite my audience to accompany me on an excursion of a kind which 
has substantially contributed to the enjoyment and enrichment of my own 
life, an excursion into a world that knew not man, with the object of 
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deciphering from such records as we find in the rocks a few pages of the 
story-book of the earth. Each one of us can say with Shakespeare’s soothsayer : 


‘In Nature’s infinite book of secrecy 
A little I can read.’ 


As that great Scotsman, Hugh Miller, wrote nearly a century ago: ‘We 
find the present incomplete without the past—the recent without the extinct.’ 
To reinforce his own opinion he quoted Samuel Johnson : ‘ Whatever makes 
the past, the distant, or the future predominate over the present, advances us 
in the dignity of thinking beings.’ We shall try to reconstruct a small part of 
an ancient land, a remnant of which is now called Scotland, and envisage a 
scene at a stage in the history of the earth separated from the present by at 
least sixty million years, a stretch of time difficult for us who have been called 
‘the afterthoughts of creation’ fully to appreciate. When we substitute 
geological standards for the modest time-scale of the human period and 
remember that the earliest chapters of the world’s history are recorded in rocks 
at least two thousand million years old, sixty million years dwindle to compara- 
tive insignificance. All that it is possible to do is to lift a corner of the veil 
separating us from the world as it was and view through dimly illuminated 
vistas the forests and undergrowth on an ancient continent that is now 
represented by a few widely scattered, dismembered pieces. 


Tue History or PLANT LIFE. 


The history of plant life in the sea and on land is a branch of natural 
knowledge not unworthy of consideration by us human beings who owe our 
existence to the vegetable kingdom. Green plants in one vital sense are our 
superiors : from air and water they build up the complex organic substances 
necessary to our life, a feat beyond man’s power. As members of a subject 
race we should be interested in endeavouring to unravel the history of the 
plant kingdom—in trying to trace the origin and relations of the several 
classes and groups as defined by botanists. The documents that are the 
sources of the botanical historian are contained in the earth’s crust: as a 
preliminary it is worth while to ask ourselves of what these documents consist ; 
how they came to be preserved in the rocks. In order to bring to life the past 
we must take the present for our guide: ‘speak to the earth, and it shall 
teach thee.’ There is no reason to think of Nature’s methods as other thaa 
continuous. If we stand by the bank of a river flowing past tree-covered 
slopes we see on the sand and mud by the edge of the channel or floating on 
the stream leaves, twigs, and seeds that are random samples of vegetation 
scattered by wind or shed from overhanging boughs, debris swept along with 
off-scourings from the rocks to be carried eventually to a delta or an estuary 
where the water-borne material comes to rest. Beds of old sands and mud, 
with included fragments of contemporary trees and other plants, exposed on 
the faces of cliffs and ravines, are layers of sediment that have been raised to 
a higher level. In addition to leaves, twigs and other scraps easy to see on the 
split surface of sandstone or shale, sediments of former ages, especially such as 
are peaty, occasionally furnish another valuable source of information invisible 
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to the unaided eye. Minute grains of pollen may be carried by wind to places 
where conditions are favourable for their preservation : fortunately the grains, 
or at least most of them, are protected by highly resistant coats and retain 
almost for all time their characteristic form and surface-sculpturing. With 
hardly any exception it is possible for a specialist, by comparative microscopical 
examination of fresh material, to assign fossil pollen-grains to their generic and 
occasionally their specific position in the plant kingdom. 

There is another natural agency to which students of extinct plants are not 
infrequently indebted : the formation of rocks by volcanic action. From time 
to time volcanoes that have long been dormant eject clouds of ash: these 
with streams of lava poured over the rim of a crater spread havoc among trees 
and shrubs that had colonised precarious sites during a peaceful interlude. 
Vulcanicity is not only destructive: paradoxical as it may seem, forces 
inimical to life have contributed to the reconstruction of life which they 
destroyed. Scotland is exceptionally rich in botanical treasures that are 
legacies from ages of fire, and indeed the fossil plants with which we are 
concerned this evening owe their preservation to volcanic forces. 

The following botanical restrospect is based mainly on results obtained 
during the last two or three years, but not yet published, by the joint efforts 
of Mr. W. N. Edwards, Keeper of Geology in the British Museum, Dr. J. B. 
Simpson of the Geological Survey, and myself. 


RECONSTRUCTION OF A Forest SCENE. 
A. The geological background : 
(i) Prolonged and intermittent volcanic activity. 


In order to present in true perspective the scene which it is my aim to bring 
to life, it will be helpful to visualise the physical features in north-western 
Europe some thousands of years antecedent to the phase of geological history 
chosen for closer examination. The Chalk Downs of England and part of 
the cliffs on the Antrim coast of Ireland are made of upraised calcareous 
material that was once a soft white ooze on the floor of a clear sea, a sea which 
had swept slowly and irresistibly over an enormous stretch of land, embracing 
the greater part of England, northern Ireland and part of the region that is 
now western Scotland. With the uplifting of the chalky ooze from the ocean 
bed and the gradual recession of the waters a new land was born; a new 
chapter was inaugurated in the history of the earth. Following the great 
upheaval, as a consequential phenomenon, subterranean forces that had long 
been quiescent gained the upper hand : floods of semi-molten rock from deeply 
hidden reservoirs surged as a fiery deluge over the chalk downs, and over 
other and older rocks, converting thousands of square miles into barren lava- 
fields, extending over an area, not less than 2,000 miles from south to north, 
which reached far beyond the Arctic Circle. This unprecedented mani- 
festation of volcanic energy, by no means confined to Europe and the arctic 
regions, but recorded on an equally titanic scale in the peninsula of India and 
elsewhere, is one of the wonders of geology ; it is convincing evidence that the 
earth after the lapse of many hundred million years had not lost her youth ; 
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' there was no sign of senescence. During the period we are considering most 
of Britain was land : we know that at a slightly later date a broad sea lay over 
the whole of what is now southern England. ‘Travellers in the tube-railway 
in the London district may perhaps derive pleasure from the knowledge that 
they are being conveyed through a stiff clay upraised from the floor of that 
ancient sea. As an appropriate designation for the great northern land an 
American geologist suggested the name Thulean continent or province. (See 
map, p. 16.) In the early days of the period called by geologists the Tertiary 
era, the greater part of the Thulean province was covered with sheets of 
sombre-coloured lava in nearly horizontal layers, products of a series of 
outbursts from deep fissures rent in the earth’s crust under the compelling 
strain of subterranean forces and from localised volcanic centres of eruption. 
The columnar basalts of the Giant’s Causeway, the columns of the ‘ cathedral 
of the sea’ at Fingal’s Cave, the basalts of Mull, Skye, Canna, Eigg, and other 
Western Isles, weathered into step-like terraces, which form a characteristic 
feature of Hebridean cliffs, the flat-topped McLeod’s Tables of Skye (1,600 ft.), 
precisely similar basaltic platforms on the hills of Disko island and the mainland 
of western and eastern Greenland—all these are parts of one stupendous whole, 
a plateau covering half a million square miles, that was once the Thulean 
continent. The widespread lava-flows represent one phase of volcanic activity 
in an age of exceptional unrest. Another phase is illustrated by more coarsely 
crystalline rocks such as those of the dark Cuillin hills of Skye : they were not 
poured out as lava-streams over the land, but were forced upwards as great 
dome-like masses from a deeply-seated subterranean source and, as their 
coarser texture proves, slowly cooled under the pressure of a thick super- 
incumbent load : the comparatively large size of the crystals indicates gradual 
solidification from a molten mass. These two phases of prolonged rock- 
building help us to appreciate the immensity of geological time. Describing 
the lava-flows of Mull, Sir Archibald Geikie wrote : ‘On Ben More we can 
walk over each bed of basalt from the sea-level to the mountain top, a height 
of 3,169 ft.” The basaltic lavas we see in the cliffs of Mull and many other 
islands are but a part of the original pile: those that remain furnish an 
impressive example of rock construction which must have extended over an 
enormous period of time. ‘The second phase, on the other hand, is an equally 
impressive example of rock destruction as a measure of geological time. We 
see the jagged peaks of mountains rising to a height of 3,000 ft. above sea-level 
which, at no distant date as earth history is reckoned, were buried under a 
considerable thickness of younger rocks that have been utterly destroyed by 
the ceaseless operation of denuding agents. 

The world to our limited vision appears to be almost static ; the mountains 
we have been accustomed to think of as symbols of eternity, seen through 
geological spectacles, take their place as episodes in a series of events which 
have moulded the changing features of the earth’s face. The rocky covering 
of the world viewed by geologists, ‘ foreshortened in the tract of time,’ reveals 
itself as a dynamic, mobile crust responding from age to age to constructive 
and destructive forces which have operated since the earth’s early youth 
following a still earlier stage when, in the imagery of the poet, 


* This world was once a fluid haze of light.’ 


15 


(ii) Plant-bearing sediments indicative of quiescent intervals. 


So far the events chronicled in rocks of igneous origin have been spoken 
of as though there had been continuous outpourings of lava with occasional 
showers of ash and, in some districts, upwelling of molten material that 
remained hidden below the surface until in the course of time the covering 
rocks were removed by erosion. There is, however, clear proof that the 
extrusion of lava and other rocks was intermittent : intercalated among the 
lava-beds are layers of sedimentary material, hardened sand and mud, layers 
of coal, and beds of fine-grained limestone containing beautifully preserved 
leaves, a few fruits and other plant fragments, also rare examples of insect 
wings and shells. The richest plant-containing layers occur near the base 
of the pile of basaltic lavas on Ardtun Head, the low ‘ headland of the waves’ 
near the south-western corner of Mull, the island on which from his home 
on Jona—which has been aptly named ‘the light of the western world ’— 
Saint Columba must often have gazed. ‘Trees, shrubs, and other plants were 
able to colonise portions of the lava-field during the long pauses between 
recurrent outbursts of volcanic fires. 

The association of sedimentary material with the basalts at Ardtun Head 
was noticed by Abraham Mills as long ago as 1790; but it was not until the 
middle of the nineteenth century that Mr. McQuarrie of Bunessan discovered 
the fossil plants, which were very briefly described by Prof. Edward Forbes 
in an appendix to an important paper by the Duke of Argyll published by 
the Geological Society of London in 1851. The Duke spoke of the leaves as 
having been shed ‘ autumn after autumn into the smooth still waters of some 
shallow lake, on whose muddy bottom they were accumulated, one above the 
other, fully expanded and at perfect rest.’ By far the richest collection of 
fossils was made by Mr. Starkie Gardner rather more than fifty years ago, 
and partially described by him in a paper read to the Geological Society of 
London in 1887. Descriptions of several fossil plants from the Mull beds 
have also been published by Dr. T. Johnson. The main collection is now in 
the British Museum. Additional specimens have been obtained by other 
collectors in more recent years. The work of deciphering the botanical records 
from Mull, Skye, and a few of the other islands is rendered mildly exciting by 
the danger of misinterpretation : fossil leaves, we are often reminded, are very 
uncertain guides—records left by Nature in a mischievous mood to mislead 
the unwary and over-confident student. Sir Joseph Hooker, in an address 
to the British Association at Norwich in 1868, spoke of Fossil Botany as ‘ this 
most unreliable of sciences’ ; but he added by way of consolation—‘ the 
science has of late made sure and steady progress, and developed really grand 
results.” One may cheerfully take the risk of being called an unscientific 
optimist by colleagues whose chief concern is with living plants. Botanists 
who confine their attention to recent plants have ample sources of information, 
not merely detached leaves but twigs bearing leaves, flowers, and fruits : it is 
natural, therefore, that they should tend to underestimate the value of leaf-form 
and venation, characters that are often the only criteria available to the 
palzobotanist. 
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MAP OF THE NORTHERN HEMISPHERE ILLUSTRATING SOME OF THE SUBJECTS 
DEALT WITH IN THE ADDRESS. 


C,C. The present geographical distribution of Cercidiphyllum, a Japanese and Chinese tree. 


Black patches mark localities and districts where fossil specimens of Cercidiphyllum have been 
found. Arctic and sub-arctic regions : Alaska, Mackenzie River, Grinnell Land and Ellesmere 
Land, West and East Greenland, Spitsbergen, New Siberian Islands, Lena River. Canada and 
the United States of America: several localities from British Columbia and California, and 


east of the Rocky Mountains in Montana, Wyoming, Oklahoma, etc. The oldest examples of 


Cercidiphyllum leaves are from early Cretaceous rocks in Maryland--the Potomac formation (Pc). 
Others are recorded from Europe—Mull, Switzerland, Bohemia, Silesia; Eastern Asia ; 
Sakhalin Island and the Bureja River. 

Mull and neighbouring islands. 

The geographical distribution of the occidental plane. 

Approximate boundary of the area within which are the present homes of the majority of trees 
and shrubs most closely related to extinct species of the Hebridean flora. 

The present distribution of Sequoia sempervirens (Redwood) and Sequoia gigantea (Mammoth tree). 
Hypothetical boundaries of the Thulean province. 
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B. The ancient flora of the Inner Hebrides. 


What then is it possible to say about the ancient flora of the Inner Hebrides 
without transgressing the limits of probability? We know very little of the 
smaller and simpler plants which lived under the shade of the forest trees or 
clung to the surface of stems where they were washed by trickling rills of 
rain-water. The three smallest plants which have left recognisable fragments 
are a fungus and two liverworts or, as they are often called, hepatics, a group 
allied to the mosses but of simpler construction. The fungus was found by 
Mr. Edwards several years ago on some detached leaves of a conifer from the 
Mull plant-beds ; the manner of its discovery illustrates an interesting technique 
often employed with success by students of fossil plants. In many instances 
leaves preserved on shale are covered with a very thin, black coaly film 
produced as the result of chemical change in the plant tissues after death. 
It is often possible, by detaching a piece of the film and treating it with certain 
clearing agents, to remove the carbonaceous matter and obtain a sample of 
the surface skin of the leaf that is brown in colour, transparent, and suitable 
for microscopical examination. After treatment the Mull leaves showed some 
minute dark spots on the surface film, and these on magnification were found 
to be circular discs made of rows of radially disposed cells. ‘The discs were 
identified as organs of a fungus closely resembling reproductive structures of 
a living genus Phragmothyrium, a fungus now mainly tropical : the occurrence 
in Mull of a nearly allied form is, however, probably indicative of a moist 
rather than a tropical climate. One of the liverworts bears a close resemblance 
to a living species, Pellia epiphylla, which has a wide geographical distribution 
and is very common on damp earth in Britain ; it has a flat green, forked 
body barely an inch in length. The other hepatic is a member of a different 
family, characterised by a slender thread-like stem bearing two rows of minute 
leaves ; it bears a striking resemblance to some living species included in the 
order Jungermanniales. ‘These two fragmentary remains of liverworts are 
worth mentioning because fossil examples of such plants are comparatively 
rare; also for another and a more important reason. A few years ago 
Prof. J. Walton of Glasgow published a description of some liverworts dis- 
covered for the first time in rocks containing remains of plants which grew 
in the forests of the Coal Age about 200 million years ago. The interesting 
fact is this: the Paleozoic liverworts differ hardly at all in the construction 
of the delicate plant-body from the much later forms from the Thulean 
continent : both are essentially modern and yet both are surprisingly ancient. 
We do not know much about the history of these plants, but it is clear that 
some liverworts persisted through a succession of geological periods with 
practically no modification of their simple design. 

The only fern so far discovered is very nearly related to the sensitive fern, 
Onoclea sensibilis, a familiar species in North America, ranging from Florida 
to Newfoundland and as far west as Saskatchewan ; it occurs also in northern 
China, Manchuria, Japan, and Corea: it has what is called a discontinuous 
geographical distribution. Onoclea, no longer a native of Europe, is often 
cultivated. The fossil fronds from Mull, both sterile and fertile, differ hardly 
at all from those of the living fern. Records of the rocks show that Onoclea 
formerly grew in north-western Europe and in Greenland, regions where, 
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through the vicissitudes of climate, it long ago failed to survive. Evidence 
furnished by fossils and the facts of geological history affords a clue to the 
present discontinuous range: in all probability Onoclea originated on the 
Thulean continent, perhaps north of the Arctic Circle, whence it spread 
radially into America, Europe, and the Far East ; in the European region it 
became extinct, sharing the fate of many other plants that were unable to 
survive the rigours of the Ice Age. Its territory was originally continuous ; 
now it is restricted to North America and eastern Asia. Another member of 
the class to which the ferns belong is the familiar Equisetum, the horsetails : 
one species, closely comparable with the living Egquisetum limosum—widely 
distributed in north temperate and arctic lands—has been found in the 
sediments of Ardtun Head. LEquisetum may be described as an emblem of 
changelessness : nearly related forms grew in Paleozoic forests at least 150 
or 200 million years ago : less closely related plants in the same forests—the 
calamites—were comparable in size with trees. The slender horsetails of 
the Coal Age and their much more robust and woody allies remind us that 
in the course of evolution some of Nature’s early experiments survived 
unaffected by the production of new competitors, while others, less successful, 
left no direct descendants. As we follow the march of plant-life through the 
ages evidence of progress accompanied by retrogression becomes recurrently 
apparent: in the varying green mantle of the earth there can be traced 
threads running through the whole, changing very slightly as we follow them 
onwards and upwards, preserving all the time a remarkable uniformity in 
essential characters. 

By far the greater number of the fossils from Ardtun are leaves of trees or 
shrubs, which belong to one or other of the two great classes of seed-bearing 
plants. In Gymnosperms, including conifers and some other less familiar 
plants, the seeds are naked. In members of the other class, the highest, the 
most various and most abundant in the vegetable kingdom, the seeds are more 
efficiently protected and are contained in a closed case; hence the name 
Angiosperms. Conifers played a prominent part in the Hebridean forests, 
but their representatives were not such as we find in modern Europe. A single 
and well-preserved seed attached to a relatively large wing affords evidence of 
the occurrence of a conifer allied to the Silver fir (Abies pectinata) and some 
other species commonly cultivated in Britain. Firs, using the term for trees 
belonging to the genus Abies and excluding the Spruce fir (Picea), now occur 
in Europe, northern Africa, northern Asia and America: there is no British 
species of Abies. The Mull seed, it is important to note, agrees most closely 
with seeds of firs now living in China and Japan. Among other conifers 
discovered in the plant-beds of Mull and Skye are Cephalotaxus, Cryptomeria, and 
Sequoia. Recent species of Cephalotaxus are comparatively small trees confined 
to the Far East ; some kinds are cultivated in our gardens. The foliage of the 
Mull species bears a striking resemblance to that of Cephalotaxus fortunei, a small 
tree widely distributed in China. Another genus which we believe to have 
been a member of the Hebridean flora is Cryptomeria : the fossils from northern 
Ireland and the Isle of Skye include foliage shoots, cones, and pollen-grains. 
The solitary living species is the Japanese Cryptomeria japonica, which occurs 
also in China : this is the tree of the famous avenue of Nikko in Japan, a noble 
memorial of a peasant who was too poor in worldly goods to contribute the 
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usual building stone or a bronze lamp to the mortuary temple of an emperor, 
and instead offered to plant trees to protect visitors against the heat of the 
sun. 
One of the most interesting of all living conifers is the genus Sequoia, of 
which there are two species confined within the narrow strip of hill ranges 
bordering Oregon and California on the Pacific coast—the Redwoods (Sequoia 
sempervirens) of the Coast Range, watered in the dry season by mists from the 
western.ocean, and the Mammoth trees (Sequoia gigantea, often called Welling- 
tonia) of the Sierra Nevada. (See map, S, p. 16.) Sequoia is an impressive 
example of the light thrown by fossil plants on the past history and wanderings 
over broad regions of the earth’s surface of trees that, without man’s protection, 
would be in danger of extinction. In earlier periods Sequoia was almost 
cosmopolitan ; it ranged over wide spaces in the old and the new world and 
overstepped the limits of the northern hemisphere. Foliage shoots preserved 
in the sediments of Mull were in all probability borne by trees closely related 
to the living Redwoods, trees which are well worthy of inclusion among the 
wonders of the world ; they attain a height of over 300 ft. and the rings on 
cross-sections of giant trunks that have been felled bear witness to an age 
of 3,000 years and more. ‘They were growing where they stand to-day 
1,000 years before the Christian era. Trees next of kin to the Redwoods 
once lived within a short distance from the Polar Sea several hundred miles 
farther north than the present tree-limit. Another species of Sequoia, more 
nearly allied to the Mammoth tree, lingered on in Britain long after the dis- 
appearance of the Thulean forests : this we know from the discovery of fossil 
twigs and cones in the sediments of an old lake on the edge of Dartmoor in 
Devonshire. The two surviving species live in splendid isolation, dreaming of 
a greater glory that was theirs, their memories stored with secrets man can 
never know. 

There was another naked-seeded tree in the forests into which we have 
intruded, a species of Ginkgo, the Maidenhair tree. The barbarous name 
Ginkgo, invented in 1712 by the German naturalist Kaempfer, is in the opinion 
of the Rev. Dr. Moule, formerly Professor of Chinese at Cambridge, a false 
transcription of Sankyo, which probably means hill-apricot. Leaves perfect 
in form and venation were found in the chalky sediment of a lake that filled 
a hollow in the Hebridean lava-field ; they differ from the foliage of the 
living tree only in a few minor features detected by the practised eyes of 
Dr. Florin of Stockholm in the microscopical structure of the superficial cells. 
Dr. Simpson discovered Ginkgo pollen-grains at another locality. The story 
of the Maidenhair tree has recently been told (Science Progress, January 1938), 
and the temptation to linger over it this evening must be resisted. Ginkgo of 
all trees furnishes the most thrilling example of a link with the past; its 
history compiled from fossils of many geological ages and in many parts of the 
world is an enthralling romance. This is but one of many histories recorded 
in Nature’s story-book which makes us share the thought of Edward Fitzgerald : 
“Yes, as I often think, it is not the poetical imagination but bare science that 
every day more and more unrolls a greater epic than the Iliad.’ It would be 
rash definitely to assert that the Maidenhair tree still exists under strictly natural 
conditions as a wild tree of the forest. Botanists who have searched for it in 
China, the country believed to be its last home, failed to discover convincing 
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evidence of the occurrence of specimens which could not be ascribed to man’s 
agency. On the other hand, a few years ago a Chinese botanist expressed the 
opinion that Ginkgo still grows wild in the province of Chekiang in eastern 
China. The oldest living examples occur in China and Japan, often in places 
where, as is fitting, they are venerated as trees endowed with healing properties. 
The history of Ginkgo has been traced to periods antedating by millions of 
years the Thulean forests : we do not know of what sort its progenitors were ; 
but we know that it is a survival from an age too remote for us to measure in 
terms which we can fully appreciate. We also know that Ginkgo, now a lonely 
relic in the present world, is a primitive and isolated type, the sole representative 
of a large family, including many different members, all of which save the 
Maidenhair tree long ago fell by the way in the struggle for existence. When 
the tree lived in the Hebridean forests it was common in other parts of the 
Thulean continent from northern Canada to Greenland and Spitsbergen, in 
North America, Europe, and Asia. It was as widely distributed geographically 
as oaks, pines, and firs in the modern world. The history of Ginkgo is a record 
of endurance, of persistence with apparently little change in an unstable world. 
When we recall the amazing life-story of the tree and its forbears the autumnal 
colour acquires a deeper significance : we see in the pale yellow of the leaves 
a reflection of the golden age of a family that left a precious legacy. Would 
that the Maidenhair tree were endowed with the oracular power of the oaks 
of Dodona and, in the trembling accents of its fluttering leaves, could tell us 
not of the future but of the varying fortunes of the family as age succeeded age. 

The Ginkgo of Mull was not the last of its race in Europe : well-preserved 
remains have been found in younger rocks in France and Germany proving 
that it survived in the western world, though probably only in a few places, 
to an age preceding by a comparatively short period the invasion of temperate 
Europe and North America by arctic ice-sheets and glaciers, which had a 
far-reaching effect upon the vegetation in the western world. 

Leaving the naked-seeded plants, we pass to the flowering plants or 
Angiosperms. This class is more recent in origin than the Gymnosperms, at 
least so it would seem, and as in present-day floras so also in the Thulean 
forests, flowering plants contributed the greatest number of genera and species. 
We shall take first a few trees and shrubs which have descendants still living in 
Europe, and afterwards mention others that have no near relations in European 
floras. There were, we think, three or four kinds of oak, all different from 
those now living in Europe and America. The largest leaves from Mull 
assigned to the genus Quercus are oval, with a broadly rounded base and 
relatively small teeth ; they resemble the foliage of a few Indian species, but 
the oak with leaves most closely resembling the fossil form is Quercus serrata, 
a native of China, the rain-forests of Assam, Japan, Corea, and the Himalayas. 
A second species from Mull is closely comparable with other Indian and 
Far Eastern oaks ; and a third form of leaf is very similar in shape and venation 
to a species that now has its home in China, Assam, and the island of Formosa. 
It is noteworthy that none of the oaks of the Thulean forests conformed in 
pattern of the foliage to our familiar British trees. 

One of the most conspicuous trees in the Hebridean woodland was a plane 
(Platanus) with large handsome leaves almost, but not quite, identical with 
those of the existing occidental plane of North America. The fossil evidence 
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in this instance is supplied by male flowers and fruit-balls as well as leaves. 
As in all living planes the expanded base of the leaf-stalk enclosed and protected 
a bud. There is, however, one interesting feature in which the leaves of the 
Mull tree differ from those of any living plane: there were two fairly large 
leaflets attached to the long leaf-stalk between the main part of the leaf and 
the base of the stalk. The significance of this peculiarity need not be discussed ; 
it is one of those botanical problems of academic interest which excite the 
specialist. A more important fact for us is that plane trees in the period we 
are considering occupied a territory which extended very much farther north 
than the present area of distribution. Remains of plane trees have been found 
as far north as Spitsbergen in rocks approximately equivalent in age to those 
of Mull. There are in the world to-day six or possibly eight different kinds 
of plane: the oriental plane (Platanus orientalis), the only species native in 
Europe, is one of the noblest living trees ; it recalls the groves of the Academy 
in the golden age of Greece. One of the oldest specimens is the venerable 
stump bearing enormous arms in the market place on the island of Cos where, 
legend would have us believe, Hippocrates, more than two thousand years ago, 
gave advice to his patients under the shade of the youthful tree. The oriental 
plane extends from Greece and the Aegean islands eastward to Asia Minor 
and the Caspian Sea ; it is sometimes said to be wild in Persia and northern 
India, but more probably this eastward spread should be attributed to man. 
The most widely distributed species in the New World is Platanus occidentalis, 
growing usually in river valleys from Lake Ontario to Florida and west to 
Texas and Nebraska (see map, Pl, p. 16). On the western side of North America 
there are other species, in Mexico and along the Coast Range hills of California. 
The most familiar cultivated species in Britain is Platanus acerifolia, the so-called 
London plane: this favourite urban tree is regarded by some botanists as a 
hybrid between the oriental and the occidental plane ; the time and place of 
its origin are not known with any certainty. The geological record of Platanus 
affords a striking example of contrasts between past and present areas of 
distribution. Some of the oldest known fossil leaves and fruits are from early 
Cretaceous beds in Greenland, at least 300 miles north of the Arctic Circle. 
The occurrence of these remains in sediments that were deposited in a remote 
northern estuary before the chalk of the British Isles had been upraised from 
the sea-floor affords definite proof that plane trees lived in arctic forests 
millions of years before they spread to the southern part of the Thulean 
continent. The birthplace of Platanus may have been in the far north, whence 
in course of time it spread to Iceland and Spitsbergen, from arctic to temperate 
North America and Europe, and wandered as far east as Sakhalin Island on 
the eastern confines of Asia. 

One of the comparatively few trees in the Hebridean forests related to 
recent British species was a Corylus with leaves similar to those of our hazel 
but still more like the foliage of species now living in India and the Far East. 
Hazels were associated with planes not only in the ancient flora of Mull but 
in circumpolar forests from which they travelled, in response to the urge of 
climatic change, to fresh and more genial homes farther south. Another tree 
in the Thulean forests was a cornel, a species of the genus Cornus, which has 
a far-flung distribution, in arctic and sub-arctic countries, in North America, 
Europe, and Asia. While fully conscious of the danger of placing excessive 
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trust in leaves as evidence of affinity, we believe that a Chinese cornel (Cornus 
chinensis) agrees most closely in foliage with the Mull species. The cornels 
are members of an old stock represented in northern forests as long ago as the 
Cretaceous period. 

Among the larger fossils from Ardtun Head are a few almost perfectly 
preserved leaves of a vine, which we believe to be specifically identical with 
specimens previously discovered in Alaskan rocks of approximately the same 
geological age as those associated with the lava-flows of Mull. Similar leaves 
have been described from Greenland, Iceland, Spitsbergen and more southern 
localities in America and Europe. Vines were widely distributed even as far 
back as the Cretaceous period : there is now only one European species, the 
wine-producing Vitis vinifera ; but its leaves are unlike the fossils from Ardtun. 
The striking contrast between the present distribution of the vine in Europe 
and its former, much more extended distribution which included arctic and 
north temperate regions, raises the difficult problem of changes in climate 
from one age to another. Vine scrolls are a fairly common ornament on early 
Northumbrian Anglo-Saxon crosses, a motif adopted in still earlier ages by 
Greek and Roman sculptors, which, after the lapse of centuries, reached the 
highest expression of naturalistic treatment in England in the last two decades 
of the thirteenth century. Millions of years before vine leaves and fruit were 
fashioned in stone, one kind lived in pre-human days on the Thulean continent ; 
and it is noteworthy that its nearest counterpart in the modern world occurs 
in the Far East. 

We turn now to trees and shrubs belonging to genera which are no longer 
living in Europe. The first tree to be considered furnishes a striking contrast, 
in the narrow limits of its present geographical area, to the widely spread 
cornels and oaks. Cercidiphyllum is now confined to Japan and mountain valleys 
in some parts of China (see map, C, p. 16). The name Cercidiphyllum was chosen 
because of a superficial resemblance of the leaves to those of the Judas tree, 
Cercis siliquastrum: only a single species, with a few varieties, has survived, 
Cercidiphyllum japonicum, familiar to many tree lovers who cultivate it for the 
sake of the exceptionally beautiful gold, pink, and red parti-coloured autumnal 
foliage. In common with some other trees of ancient lineage, Cercidiphyllum 
lacks any near relations in the present age ; it is one of a select company of 
Nature’s anachronisms. Like the Maidenhair tree, it is an aberrant type, a 
relic living within a comparatively small area in the Far East: formerly it 
was one of the most widely distributed forest trees on both sides of the Atlantic 
ocean. Several beautifully preserved leaves have been found in the plant-beds 
of Ardtun Head, leaves and occasionally fruits of Cercidiphyllum have been 
found in Grinnell Land and Ellesmere Land on the north-eastern corner of 
the Canadian Archipelago, in Alaska and at several localities on the Pacific 
and Atlantic coasts of North America, in Greenland, Iceland, and Spitsbergen, 
as well as in Switzerland and other parts of Europe (see map, p. 16). Leaves, 
superficially at least indistinguishable from those of the existing species, are 
recorded from sedimentary beds in the valley of the Potomac River in Maryland 
assigned to the early days of the Cretaceous period when flowering plants 
were comparatively few in number and had not yet come into their own as 
the dominant class in the plant kingdom. When we remember the remote 
antiquity of Cercidiphyllum and its wanderings over the earth’s surface during 
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the passing of millennia, the autumnal glory of its foliage is enhanced a 
hundredfold and acquires a symbolic meaning. 

The plant-beds on the headland of Ardtun have yielded very few recog- 
nisable fruits and seeds. Among the rare examples of fruits are some, about 
half an inch long, consisting of a slightly elongated seed-vessel surmounted 
usually by five leaflets, the enlarged and persistent covering of the young 
flowers, which served as efficient aids to dispersal by wind. The fossil winged 
fruits and associated leaves present a remarkably close resemblance to those 
of some living species of Abelia, a genus named after Mr. Clarke Abel, who 
discovered the shrub in China about one hundred and twenty years ago. 
Abelia is a member of the honeysuckle family (Caprifoliaceae) : most of the 
existing species have their home in Central China and are cultivated as 
flowering shrubs in European gardens. There are a few species in Japan, the 
Himalayas, and Mexico. Fruits of a Chinese Adelia agree most closely with the 
fossil specimens. Similar though not specifically identical fruits were dis- 
covered thirteen years ago by Mrs. Clement Reid and Miss Chandler in a 
collection of fossil plants from Bembridge in the Isle of Wight. The Bembridge 
flora is younger geologically than the flora of Mull and indicates a warmer 
climate. Other examples were recorded long ago from south-eastern France. 
It is therefore clear that shrubs next of kin to Abelias now living in China 
were once native in western and northern Europe. The introduction to British 
and continental gardens in our time of Abelia, Cercidiphyllum, and other trees 
and flowering shrubs may be described as the reinstatement, through man’s 
desire for horticultural novelties, of plants that had long been exiles from 
western woodlands where as natives they were never seen by human eyes. 

So far attention has been confined to a selection of plants identified from 
leaves and a few fruits. If time permitted, the list could be substantially 
enlarged by inclusion of the interesting results of Dr. Simpson’s intensive study 
of pollen-grains, which he found by microscopical examination of broken-up 
pieces of lignite and coal, associated with sandy beds in Mull and on the 
adjacent peninsula of Morven. The pollen-bearing layers of rock are below 
the basaltic lavas and therefore slightly older than the leaf-beds of Ardtun Head. 
Dr. Simpson discovered several conifers and flowering plants confirmatory of 
identifications based on leaves; he also made many additions to the list 
compiled from leaves, fruits, and seeds. ‘Three of his discoveries are selected 
for brief reference. He found pollen-grains of two kinds of alder (Alnus) : the 
pollen of alders has a very characteristic structure and can easily be recognised. 
The occurrence of alders in the Hebridean flora supplies one of the few links 
between the extinct and the present European vegetation. The second genus 
chosen from Dr. Simpson’s list is Magnolia: it is now represented by many 
species, both trees and shrubs, and is widely distributed on two sides of the 
Pacific ocean: in Asia along the Himalayas and in parts of Tibet, over a 
large area in China, Japan and Corea, the Malay Archipelago, and Indo-China; 
in America from southern Ontario as far south as Central America and Cuba. 
It was shown many years ago that Magnolia formerly lived in Europe and 
flourished as far north as lat. 70° N. in Greerland ; we now know that it 
played a part in the adornment of the Thulean forests. 

Finally a few words on the discovery of pollen-grains believed to belong to 


_ aspecies of Nelumbium : this genus is one of the most attractive water plants, 
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a plant held sacred in ancient Egypt and venerated in the Far East. One of 
the living species is the sacred lotus, native in China and Japan and estab- 
lished as far west as the Caspian Sea ; the other species has an extended range 
in North America, spreading as far south as the West Indies and Brazil. 
Nelumbium no longer grows in the Nile : long years ago it had a wide distribu- 
tion in Europe, both in the Cretaceous period and in later ages. Looking 
backwards we see its great circular leaves spread over the still waters of a 
Thulean lake. 

It is important to note that Dr. Simpson’s comparative investigation 
of fossil and recent pollen shows a preponderance of eastern Asiatic species 
in the Hebridean flora. 


FANCY WITH FAct. 


We have attempted to re-create a scene in the past, and it is natural to ask— 
how does our reconstruction compare with reality? As it is impossible to satisfy 
curiosity by an actual flight to the Thulean continent, we can at least imagine 
ourselves miraculously transported to a destination where the past has become 
the present. At a very early stage of the backward journey we should see the 
greater part of the land being gradually obliterated by a covering of snow 
and ice ; glacial conditions would be succeeded by a climate becoming more 
and more genial. Human beings would be missed before one-fiftieth of the 
flight had been completed. At last, after observing the moving panorama of 
land and sea, fluctuations in climate and changes in the character of the 
vegetation, let us imagine ourselves at the journey’s end. Combining fact 
with fancy, we find ourselves, where in day-dreams we have often been, among 
the plants on the lava plateau. Thanks to the artistic co-operation of 
Mrs. Gwendy Carée, it has been possible to give substance to our mental 
picture based on geological and botanical facts. It requires a specia! effort 
for us, who think of ourselves as overlords in Nature’s realm, to visualise a 
world in which man has no place. Alone in a world which for millions of 
years to come would be uninhabited by the human race, we could hardly fail 
to look upon the beauty of Nature’s pageantry with a strange and more 
penetrating vision : 


* Beauty, the eternal Spouse of the Wisdom of God 
and Angel of his Presence thru’ all creation.’ 


We should realise as never before man’s insignificance : on the other hand, 
our estimate of spiritual values would be raised to a higher level and we should 
experience a deeper sense of union with the infinite. Our tendency is to 
think of the past, as we think of the present—in relation to man ; we forget 
his very recent participation as an actor in life’s drama. As we look at Nature 
as into a mirror our own image obtrudes itself into the foreground. Had man. 
been a dweller on the Thulean continent he would have seen, as we see, the 
sun by day setting in motion the living machinery of trees and herbs; the 
splendour of the evening sky ; he would hear the wind in the trees, the music 
of running water and the songs of birds. The beauty of Nature is eternal. 
To the east and north beyond the lava-fields the Caledonian mountain ranges 
would be seen rising to greater heights than any of their peaks reach to-day ; 
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they were still to be exposed for millions of years to the destructive operation 
of Nature’s sculpturing tools. Making a fresh demand upon our imagination, 
let us take a longer view over the curve of the earth towards the heart of 
Europe and far to the east to northern India. We should look in vain for the 
Pyrenees, the Alps, the Carpathians, and the Himalayas: these and other 
mountain ranges had not yet been lifted up ; the time of their birth was not 
far off. We should see in their place a broad belt of water stretching from the 
Atlantic to the Indian ocean, linking West with East. On the bed of this 
ancient sea—the Tethys Sea of geologists—sediments had long been accumu- 
lating, and these, with other rocks of igneous origin, would be involved at no 
distant date in a complete transformation of the earth’s features and the 
crumpling of the crust into the ‘ everlasting hills.’ 

Returning to the Thulean continent at a place near the present geographical 
position of the Inner Hebrides, let us take a survey of the vegetation. We 
should be impressed by its luxuriance : at first sight the general aspect would 
seem familiar, but on closer examination of the trees and shrubs we should 
find only a few recalling modern European species ; many would remind us 
of exotic plants of eastern origin. Despite the immensity of the time interval 
separating us from the world we had left, we should not be aware of any such 
marked contrast in the general character of the vegetation as we might have 
expected. The plants had already put on their familiar dress and would seem 
to us surprisingly modern. But—and this would be the deepest impression— 
we should feel that we were among trees and shrubs that were reminiscent of 
remote eastern forests. We should be conscious of the dynamic character of 
the plant-world ; we should be driven to the conclusion that the forests were 
mainly composed of wanderers resting for a time in a temporary home whence, 
as conditions changed, they would pass to other stages in the long journey to 
their present refuges in Asia. 


EVOLUTION. 


There remains another question which is always asked by those who 
attempt to reconstruct the vegetation of past ages: what contributions do 
the records of plant-life make towards a better understanding of evolution ? 
The riddle of evolution remains a challenge and, as knowledge increases, we 
make fresh guesses. As a Cambridge friend writes in a recent volume of 
Provocative Verse : 


* That life evolves was guessed of yore, 
Darwinians prove it true ; 
Of how and why we know but little more 
Than old Lucretius knew.’ 


The little more we know urges us to continue in hopeful expectancy the long 
and endless prying into Nature’s methods. What then do we learn from the 
ancient flora of the Western Isles? ‘The facts do not substantially help us to 
trace the unfolding of life in the long interval separating the older part of 
the Tertiary era from the present time. There is little difference between the 
past and the present vegetation of the world as a whole in the nature of trees, 
shrubs, and ferns: our knowledge of the earlier history of herbaceous plants 
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is very meagre. The fossil flora of Mull represents an early phase of what may 
be called the modern type of vegetation, which overspread the world in the 
later stages of the Cretaceous period and has persisted with few major modi- 
fications until now. Evolution seems to have been characterised by bursts of 
production when new and successful types exercised a transforming influence ; 
and these periods of exceptional creative activity were separated by periods 
of relative stability. The early Tertiary floras belong to a stage when a new 
order had become well established and an older order had passed its prime. 
The one great difference that emerges from comparison of the Mull flora and 
the existing European floras is not a difference in the components of the world 
forests, but a contrast in the geographical positions occupied by the various 
genera in the northern hemisphere : for the most part a western home has 
been exchanged for a home in the Far East. 


DriFTING CONTINENTS. 


If we followed the vegetation on the southern part of the Thulean land 
farther to the north, we should be impressed by its apparent indifference to 
changing physical conditions as we travelled beyond the Arctic Circle ; we 
should fail to notice any zonal distinguishing characters in the floras such as 
in our day reflect the passage from temperate to arctic regions. The evidence 
of fossil plants forces us to the conclusion that the vegetation on the Thulean 
continent, its northern boundary within a short distance of the polar sea, its 
southern border on the latitude of northern Ireland and western Scotland, 
was astonishingly uniform. How, we ask, can we explain this surprising and 
well-attested fact? ‘There must, it is generally agreed, always have been 
climatic belts ; high arctic and much lower temperate regions cannot have 
supported closely comparable floras possessing several species in common. 
Some of us are convinced that changes in geography from one period to 
another, land connections where there are now arms of the sea, interference 
with paths of ocean currents and consequential changes in temperature are 
inadequate as explanatory causes. What then remains? Were it possible for 
us to make a survey of the Thulean continent as it was, we might find that the 
geographical relation of the northern part of the forest-clad land to the North 
Pole was by no means the same as it is now. It is difficult, it is probably 
impossible, to explain the facts without calling to our aid the hypothesis of 
drifting continents usually associated with the late Prof. Wegener and recently 
discussed in an able book by Prof. Du Toit of South Africa. This is a con- 
troversial subject beyond the scope of my address : I can do little more than 
reaffirm adherence to the view that plant records from rocks of many ages 
raise problems which seem to be insoluble unless we postulate movement 
and sliding of the earth’s crust. As icebergs are slowly drifted by ocean 
currents, as masses of cumulus clouds rapidly changing shape pass across a 
blue sky ; so, the rate of travel enormously reduced, large slabs of the outer- 
most rocky shell of the world may have shifted their position in the course of 
geological time. It must, however, be admitted that as yet refined methods 
of measurement have not furnished any evidence of crustal movement. 
Dr. Norlund of Copenhagen has stated that longitudinal determinations, 
carried out by the Danish Geodetic Institute in 1927 and 1936 with a modern 
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transit instrument, both times on the same pillar at a locality on the west 
coast of Greenland, gave practically the same result. In his presidential 
address at the Norwich Meeting of the Association in 1935 Prof. W. W. 
Watts made an interesting and judicial reference to the Wegener hypothesis : 
he spoke of it as having been hailed by many classes of investigators as 
almost a panacea, and quoted one of several critics who called it a beautiful 
dream, the dream of a great poet. 

Proof or disproof of the Wegener hypothesis will be forthcoming in the 
more distant future when the precision of modern methods of measurement 
has been available long enough to provide trustworthy data. Meanwhile we 
must be content to wait in sanguine expectation that an interpretation of 
the overwhelming evidence furnished by fossil plants will be provided by 
research workers in the geophysical field. 

One of the most impressive examples of the bearing of fossil plants upon 
the fascinating problem of climatic conditions in the past has been fur- 
nished by Prof. Harris of Reading. The facts are briefly these: several 
years ago Prof. Nathorst of Stockholm described a large collection of fossil 
plants from rocks in Scania, the southernmost province of Sweden, demon- 
strating the existence of a flora many million years older than the one 
we have been considering. It was a very rich flora composed of numerous 
ferns, conifers, and other plants; it probably lacked flowering plants. More 
recently Prof. Harris made a still larger collection of fossils during a long 
visit to eastern Greenland in the ice-bound district of Scoresby Sound where, 
under extreme arctic conditions, only a few stunted plants are able to exist. 
Nothing could be more striking than the present contrast between the floras 
of eastern Greenland and southern Sweden. The arctic fossil plants of the 
same age as those from Scania demonstrate the former existence of a flora even 
richer than that from southern Sweden : comparison of the two floras affords 
no indication of any difference in the size of individual plants and no difference 
in the vegetation as a whole. A luxuriant and uniform vegetation occupied 
an area stretching from central Germany to southern Sweden and a thousand 
miles farther north beyond latitude 70° N. The fossils preserved in rocks at 
localities within this far-flung geographical area from south to north give no 
indication of any such change in the plant communities as we should expect 
and as we find when we contrast arctic and temperate floras in the present 
world. ‘This uniformity, I venture to think, is inexplicable unless we assume 
a very considerable movement and reshuffling of the earth’s crust. The 
geological historian needs the co-operation of astronomers and physicists in 
his endeavour to reconstruct the world at the successive stages of its develop- 
ment ; he looks to them to prevent him from making assumptions inconsistent 
with conclusions reached by workers in other fields. On the other hand, 
geologists and paleontologists contribute facts that are incontrovertible how- 
ever much they seem to be in opposition to the views of students whose primary 
interest is in geophysical problems. 


NEGLECT OF EARTH HIsTory IN EDUCATION. 


There are still some people who ask, what is the use of the kind of informa- 
tion given in this address? My reply is that knowledge gained from a 
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first-hand study of nature, both animate and inanimate, has a value beyond 
price. Enjoyment of the romance of creation as recorded in the life of the 
past and of the present is within the reach of all who have the desire to read 
the open pages of Nature’s book. In the rocks we find the soul of history : 
the whole world throbs with life, and the joy of it all is ours to share : 


‘I said it in the meadow path, 
I said it on the mountain stairs— 
The best things any mortal hath 
Are those which every mortal shares.’ 


This evening we have caught through the mists a glimpse of a scene on 
earth’s stage separated from the present by a small fraction of time in relation 
to the whole span of geological history. The Thulean forests which we have 
visited included trees, shrubs, and other plants of surprisingly modern aspect, 
though it is not to be supposed that they were absolutely identical specifically 
with their living descendants ; from the material available it is impossible 
to define or assess the difference. What we have seen throws little light on the 
evolution of the plant-world ; it is equally true that the main conclusion 
forced upon us by our retrospect cannot fail to convince us that it is impossible 
to understand the present distribution of plants over the earth’s surface unless 
we extend our survey into the past. Darwin spoke of geographical distribution 
as a noble science, ‘ almost the keystone of the laws of creation.’ The living 
world cannot be fully appreciated as an expression of creative energy unless 
we free ourselves from the cramping influence of the environment in which 
we live. 

As a botanist whose first love was geology, may I make a plea for wider 
recognition of physical geography and geology as branches of knowledge 
possessing an inestimable value as a means of bringing young people into close 
companionship with Nature and as a source of refreshment, a stimulus, and 
an inspiration. Most of us would probably agree with the spirit of a remark 

‘made a good many years ago by the late A. C. Benson: ‘I find it hard to 
resist the conviction that, from the educational point of view, stimulus is more 
important than exactness.’ Arguments in favour of introducing geology into 
schools were put forward in a Report on Scientific Education presented at the 
Dundee Meeting seventy-two years ago, and in 1936 and 1937 the Association 
published two Reports on the same subject. Let me add another argument of 
no little value : Hugh Miller wrote in a letter to a friend, ‘ geology is, I find, 
a science in which the best authorities are sometimes content to unlearn a good 
deal.’ That is worth much : geology helps us to cultivate the not too common 
virtue of admitting that it is possible to make a mistake. In conclusion, 
I cannot do better than quote with wholehearted agreement words spoken by 
Sir William Bragg in his presidential address to this Association eleven years 
ago: ‘Some speak of modern science as tending to destroy reverence and 
faith. I do not know how that can be said of the student who stands daily in 
the presence of what seems to him to be infinite.’ These words apply with 
equal force to searchers after truth whose main interest is in the living world 
no less than to those whose objective is the elucidation of the structure of 
matter that is called by contrast dead and yet vibrates with life. The earth 
was once lifeless : when and how living protoplasm had its birth we do not 
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know, nor do we know whereupon were the foundations of the earth laid. 
We can only echo in our hearts the voice out of the whirlwind : 


‘Whereupon were the foundations thereof fastened ? 
Or who laid the corner stone thereof ; 
When the morning stars sang together, 
And all the sons of God shouted for joy ?’ 


PERSPECTIVES IN EVOLUTION 


ADDRESS TO SECTION D.—ZOOLOGY 


By Pror. JAMES RITCHIE, M.A., D.Sc. 
PRESIDENT OF THE SECTION. 


‘ ALL useless science is an empty boast,’ Shakespeare is alleged to have said, 
but he lived before that pernicious cleavage had been made between pure 
science and economic science, which suggests, as Hinton once said, that the 
latter is a gold-digger while the former excavates only knowledge. And 
while we are strongly in favour of those lines of scientific endeavour which 
make their first purpose an attack upon the evils that man and his possessions 
fall heir to in the course of nature, and which aim at easing the human struggle 
for existence, there are questions of no immediate practical moment to which 
the inquiring spirit of humanity demands an answer. I do not think Shake- 
speare would have called these recurrent problems ‘ useless science,’ for the 
mind of man requires satisfaction as well as his material need. 

It is characteristic of the modern evolution of scientific method that as the 
zoologist becomes more and more engrossed in a particular problem within 
the restricted field in which he specialises, his opportunities recede of gauging 
the effect of discoveries in other fields upon the general problems of life. Even 
if he desires to keep in touch with such inquiries, whom is he to follow ? 
Juvenal declared that ‘ Nature never says one thing and Science another,’ and 
while that is true of Science in the abstract, it can scarcely be true of the 
purveyors of exact knowledge so-called, the scientists, for they speak with many 
and often discordant tongues. 

There is another reason which suggests that a re-statement of some of 
the great problems may be appropriate on this occasion. Since the British 
Association last met in Dundee, in 1912, and Sir Peter Chalmers Mitchell 
addressed this Section upon the need for furthering the protection of animals 
whose existence was threatened by the advance of civilisation, great progress 
has been made in many directions. Much has been done, for example, for the 
Cause so competently advocated by Sir Peter Mitchell ; but in no direction 
has there been more striking endeavour than in the testing of old and once 
widely accepted theories by the touchstone of detailed analysis and experiment. 
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That is a distinctive feature of post-War zoology, and its milestone was erected 
by Alfred J. Lotka in 1925. It has had a salutary effect upon theorising, for 
‘ Experience is the greatest baffler of speculation,’ but if speculation gains in 
precision through running this new gauntlet, it must not be forgotten that 
experiment also gains from the association: ‘ Knowledge directeth practice 
and practice increaseth knowledge.’ 

So, since I think that truth may lie between analysis of long-range views 
and synthesis of detailed discoveries, I take this opportunity of laying before 
you some ideas concerning life and evolution. 


Tue SEcRET OF LIFE. 


There was a Scottish politician and philosopher, a former Duke of Argyll, 
who, amongst many sayings that are forgotten, took pleasure in reminding the 
world that ‘ Science has cast no light on the ultimate nature of life.’ He stood 
for the rather facile vitalism which loves a mystery and regards the probings 
of science as bringing knowledge only with the accompaniment of disillusion- 
ment. In the opposite camp is the mechanist, in whose view the processes of 
life are to be explained solely and completely by the concepts of chemistry and 
physics. The two aspects, the mechanistic and the vitalistic views, have been 
canvassed so thoroughly that it would be profitless to trace the controversy 
again, if indeed the controversy has any real antithesis and does not represent 
simply two facets of one common truth. But it is legitimate to ask what recent 
years have contributed towards the solving of the secret of life. 

The outstanding fact which strikes the observer is that the extreme positions, 
physical and biological, have become untenable, and that concessions are being 
made by both sides. The vitalist’s vitality is being whittled down, animation 
is being put into the mechanist’s machine. Sir James Jeans (1933) from the 
physicist’s point of view has stated that living things in some way possess the 
power of evading the established physical order of disorganisation, and in so 
doing he has conceded more than most biologists demand. When, in his plea 
at the Cambridge meeting of this Association, in 1938, for the inclusion of 
probability in the scheme of physical conceptions, Dr. C. G. Darwin stated 
that the trouble about forecasting the future from our knowledge of the present 
was the impossibility of knowing the present, he was formulating precisely that 
difficulty of knowing the conditions of life activity which besets the biological 
experimenter in endeavouring to interpret life axiomatically, a difficulty which 
appears to be insurmountable. A common ground, even if it be largely a 
common ground of uncertainty and cautiousness, is being approached by the 
schools of physics and biology. 

Broadly it may be said that the efforts of recent years have done much to 
reduce the mystery of life. An elusive quality remains, but the elusive quality 
is retreating within its shell, and its shell becomes smaller and smaller, just 
as the corresponding physical mystery has been driven from stronghold to 
diminishing stronghold, from molecule to atom, from atom to proton and 
electron with the irreducible quantum of activity. Such advances as have 
been made in the interpretation of life have been due to.the application of 
physical and chemical methods and concepts. 

There have been theoretical interpretations, working hypotheses founded 
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rather on analogy than deduced from direct observation, like the oscillatory 
theory of Lakhovsky (1929), who regards the cell as an electromagnetic 
resonator, active in absorbing and emitting radiations of very high frequency. 
Life, in his view, is the dynamic equilibrium between such cells, the harmony 
of innumerable radiations reacting upon each other. Or the vortex theory of 
Lartigue (1929) who, endeavouring to extend to the domain of life the laws 
of eddies, comes to the conclusion that the living organism is not an ordinary 
thermal machine, since it works at a temperature practically constant, nor an 
ordinary electrical machine, since it works at a practically constant potential, 
nor an ordinary chemical machine, since there is no sufficient explanation of the 
activity of its chemical processes taking place almost at neutrality. Instead 
he looks upon the living cell as a thermo-electrical unit based upon an etherial 
vortex, and the appearance of life upon the earth as the appearance of such 
a vortex activated by a triple movement of centripetal precipitation, of 
centrifugal diffusion, and of ellipsoidal or cylindrical rotation, and sufficiently 
persistent to construct a body by sweeping along matter in its train and 
thereafter to engender other vortices specifically like itself. 

These are tenuous speculations at best. It is to the lasting credit of the 
Department of Zoology in this University College of Dundee that it gave to 
the world a reasoned dynamical interpretation of organisms which, working 
on solid ground, revealed the physical basis of much that had been regarded 
as manifestations of the peculiar properties of life. His presidential address to 
our Section of the British Association at Portsmouth in 1911 showed that 
Sir D’Arcy Thompson had already been turning over in his mind the adequacy 
of the forces of surface-tension, elasticity and pressure to explain a multitude 
of the phenomena illustrated in the appearances of living things; but the 
publication of Growth and Form in 1917 exposed, with a wealth of detail that 
set the subject in a new light, the far-reaching influences of physical forces on 
the growth and ultimate conformation of organisms and the parts of organisms. 

While the structures, the ‘ things seen’ in the architecture of animate nature, 
have been yielding their secrets to such physical analysis, the activities of living 
stuff, far less easy to comprehend, and yet more intimately part.of life than the 
material plasms through which they are expressed, have also been giving way 
to the skilled attacks of the physicist and chemist. Here investigation has 
naturally been concentrated upon the unit of organisation, the cell, and it has 
shown that just as the cell-boundary is determined by physical forces, of surface 
tension, so activities of the living cell-membranes, which form its boundary, 
also fall into line, so far as analysis goes, with physico-chemical laws. Thus the 
living cell, of plant or animal, acts as an osmotic system, as de Vries showed 
long ago with the leaf cells of Tradescantia and as has been shown for many 
animal cells such as mammalian red blood-cells and leucocytes, spermatozoa, 
muscle cells of frogs and egg cells of echinoderms. Moreover the adjustment 
of forces within and without living cells has been found to be in accordance 
with the thermodynamical balance known as the ‘ Donnan equilibrium’ or 
‘membrane equilibrium,’ which interprets the relationship between solvents 
separated by a membrane, on one side of which is a non-diffusible ion or 
molecule. (For a summary of the biological aspect, see Dixit, 1938.) Part of 
the activity of a cell, at any rate, is amenable to purely physico-chemical 
explanation. 
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Further understanding of the activities of the cell as well as practical 
benefits to humanity have followed upon the enzyme discoveries of recent 
years. I would remind you of only one example, that the digestive enzyme of 
the papaya plant, papain, is now used in America by the ton in making tough 
meat tender. As Balls (1938) put it, in an address to the Washington Academy 
of Science, ‘ we should probably all be surprised to know the exact number of 
years of beef-life that is taken out of the steaks of America by means of papain’ ; 
though I have a strong suspicion that knowledge of this great discovery has not 
yet penetrated to the roast beef of old England. As regards cell-activity the 
enzymes act as catalysts speeding up chemical reactions ; without enzymes 
cell-processes would ‘ proceed so slowly that the cell would die waiting for food 
to be digested or oxygen to become available ’ (Balls, 1938). 

From these few examples it is patent that much that was mysterious about 
life has disappeared or is disappearing before the persistent inquiries of the 
physicist and chemist. Life processes of the physiological order are ruled and 
guided by the self-same laws which regulate action in the non-living world. 

But it is just as obvious that none of these interpretations reach the secret 
spring of life itself. The physical explanation of the architecture of animals 
must assume the power of the living thing to react and mould itself to the 
forces that play upon it ; the Donnan equilibrium, which interprets a condition 
of thermodynamical balance, meets the case of a living cell only when the cell 
activity is at its lowest, and the more active, that is the more alive a cell is, the 
less does the Donnan theory become applicable ; enzymes may be necessary 
for the complete activity of a cell, but though it may hasten a chemical 
reaction no catalyst can set a reaction in motion, in the case of the cell that 
appears to be the prerogative of ‘ life.’ 


THe Quatity oF Lire IN PERSPECTIVE. 


Let us turn, then, from the minute analysis of the unit of life, which in 
recent years has done so much to reduce the mystery of life, without however 
reaching the kernel of the mystery, to see what suggestion may arise from 
another point of view, a perspective of evolutionary processes. 

It is difficult for us, overwhelmed by the complexity of evolution, to single 
out those features which are most distinctive of life, but suppose we hand the 
problem over to reasonable beings of our imagination, who, coming from a 
world such as ours, but on which life has never existed, view for the first time 
the Earth. We may imagine them to be physicists or chemists or even 
mathematicians, for obviously no biologist could come from a lifeless world ! 

Amongst many wonders, two things would strike these visitors as out- 
standingly peculiar. The first concerns the structure of the earth’s crust. 
In it occur unlikely accumulations which would have no counterpart in a 
lifeless world. Average sea-water contains only 0-12 parts of calcium carbonate 
per thousand, yet some forty-eight millions of square miles of the ocean floor 
are covered with a deep deposit of calcareous ooze containing calcium 
carbonate up to 90 per cent. The coral islands of modern seas, the chalk and 
limestone formations which represent relics of the oceans of geological times 
and which make up a very considerable part of the solid crust upon which we 
live, have been similarly abstracted and assembled by living animals from 
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sea-water. Soluble silica occurs in very minute quantities in the ocean, never 
exceeding 1-5 parts per million, yet in our present-day oceans plants have 
assembled from such a dilution, ten millions of square miles of diatom ooze, and 
radiolarian ooze accounts for another two millions of square miles of siliceous 
accumulations. 

From the atmosphere, as well as from the ocean, unlikely aggregates have 
been sorted out. ‘The average proportion of carbon dioxide in the lower 
atmosphere is about three parts per ten thousand, yet the superficial deposits 
of peat and the deeper formations of coal, oil-shale and the natural petroleum 
produced from them, consist essentially of carbon sorted out by plants from 
that tenuous store. The carbon dioxide, dispersed and inert, in 16,125,000 
cubic yards of air is gathered and made potentially efficient by a single tree 
of some five tons dry weight. 

To us these aggregates have lost all sense of wonder, but to our physicists 
from a lifeless world they must seem as unbelievable as the giraffe to the 
youngster at the zoo, for they controvert one of the established laws of physical 
order, that, left to themselves, units of matter in a gas or a solution move 
towards their maximum dispersal. The normal physical course of dispersal in 
the cases I have mentioned has been replaced by assortment and aggregation, 
and the agent of the reversal has been the living organism. 

The second stumbling-block over which our visitors would trip in their 
prospect of the earth is supplied by the history of living things themselves. 
The life-history of any multicellular organism is a development, that is a 
selection and re-assortment of materials in such a way that the organism 
beginning as a fertilised ovum, already complex in a morphological and 
physico-chemical sense, becomes still more complex. The history of life upon 
Earth in the broadest sense is also an evolution from more simple to more 
complex. It might be said that even in the lifeless world from which our 
visitors came, inorganic things showed an evolution from more simple to more 
complex. That, for example, an ancient range of mountains, with its peaks 
and valleys, its corries and its precipices, is much more complex than the simple 
fold of the anticline which was its beginning. But that is a complexity due to 
disintegration, and is entirely in consonance with the physical law of random- 
ness which would assert that in the long run the hills will be deposited in the 
valleys so that both will attain a common level beyond which levelling can 
go no further. But the complexity of the evolution of life is no disintegration; 
on the contrary its characteristic is integration, a building up associated with 
an increase in the orderly arrangement of particles, and not, at any rate as 
we focus our eyes upon the products of evolution, an increase of randomness. 

Further, if our visitors are fortunate enough to have a biologist as their 
mundane guide, he will give a final shock to their physical concepts by 
informing them that we believe protoplasm, the essential living matter, to 
have arisen from a fortuitous concourse of atoms, and such an event, where 
physical law demands dispersal and randomness, is exceedingly improbable, 
though nothing is impossible. In brief, place before your physicist who has 
no knowledge of life, the series atoms, protoplasm, unicellular organism, 
metazoan, and ask him which came first ; and he will swear by all the laws of 
Inorganic nature and statistical probability that the metazoan must have 
started the chain and must have evolved or disintegrated into the unicellular 
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organism, and that into primeval protoplasm, which must finally have 
dissociated into its constituent atoms. But we know that the reverse is the 
true sequence, the reverse of physical probability. 

Is this then a fundamental secret of life, that it reverses the physical law of 
dissipation or increasing randomness ? There has been long argument ‘ about 
it and about,’ but to take recent expressions of opinion, that is the view taken 
by Sir James Jeans, who frankly states that ‘ what we describe as life succeeds 
in evading it [i.e. the second law of thermodynamics or the law of increasing 
entropy or randomness] in varying degree’ (1933, p. 276). Other writers 
going further see in the paradox ‘the intervention and continually active 
interference of a guiding force which, in the case of life, lifts it into a higher 
plane of existence where it is not subject to the laws of entropy’ (H. V. Gill, 
1933). The opposing point of view is that the processes of life offer no obvious 
contradiction to the second law, since if all other related and simultaneous 
actions be taken into account the total effect will be an increase of entropy. 
(See, for example, Donnan, 1934.) ‘That may be so, but it is an unproved 
suggestion ; and the phenomena of life and its evolution are so complex that 
if the resolution in terms of physical law of ‘ all other related and simultaneous 
actions ’ has to be pushed from item to item until, as it were, the universe is 
involved before a balance can be struck, then entropy has little immediate 
significance for life activity. 

It comes to this, that in practice the second law of thermodynamics, so well 
established for physical happenings, cannot be satisfactorily applied to living 
processes. And that while no one would deny that living things in the long 
run and in a universal sense are subject to its demands, and indeed that in 
their workings they are probably controlled by it, nevertheless organisms 
appear to be able temporarily to hold up or withstand the physical course of 
degradation of matter, if they do not actually reverse it. 

From this point of view, then, the secret of the living organism, that is its 
essential difference from non-living matter, is its power of trading with its 
environment in such a way that it can build up its body stores of high potential 
energy from materials of lower potential. 

So we are led to two conclusions. The origin of life must be sought in a 
concourse of atoms, improbable as that may seem, which traded with an 
inorganic environment. The first organism is unlikely to have been of the 
nature of a virus, although viruses have been suggested as the nearest approach 
we know to a primeval existence, for whether a virus be alive or be a non-living 
protein molecule, it multiplies by acting upon the organic materials of its host, 
and that presupposes the existence of other living things. It is unlikely that 
the first organism was of the nature of a green plant, for chlorophyll is a highly 
organised stuff, and although some form of energy must have been utilised 
in the building up of the first organic molecules, we do not know whether it 
was the energy of sunlight, as in photosynthesis, or of a chemical reaction like 
the chemosynthesis which characterises the life-processes of certain sulphur, 
iron and nitrifying bacteria. But even bacteria have their organisation and 
it may be supposed that before them there came into being pre-cellular diffuse 
stuffs, not yet recognisable as definite organisms, whose one outstanding 
character was their power of using for their own aggrandisement some form 
of energy about them and external to them. 
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A second conclusion follows upon our analysis. Phenomena of life elude 
treatment by the laws of thermodynamics, not necessarily because living matter 
does not obey these laws, but because the unknown conditioning of working 
organisms is too complex to yield to analysis applicable to inorganic states. 
Nor does it seem likely, since livingness exists within a very limited range of 
temperature and is readily extinguished by interferences, that it can ever be 
subjected to the sort of analysis which has led to the interpretation of the 
constitution of physical matter. It seems logical therefore to take as axiomatic 
the existence of life, not as a vital force which animates something different, 
namely matter, but as the activity of an atomic combination, the very activity 
of which renders it unanalysable by the standard methods of the physicist and 
chemist. Thus, as one of the greatest of living physicists, Niels Bohr, has 
pointed out, the biologist would accept for the living world a position analogous 
to that accepted by the physicist for the non-living. ‘ The existence of life must 
be considered as an elementary fact that cannot be explained, but must be 
taken as a starting point in biology, as in a similar way the quantum of action, 
which appears as an irrational element from the point of view of mechanical 
physics, taken together with the existence of the elementary particles, forms 
the foundation of atomic physics ’ (Bohr, 1933, p. 458). 

And the biologist, admitting ‘ life,’ may build up a whole body of biological 
theory, as distinctive and peculiarly his own, and as logical in the logic of 
probability which Professor Darwin advocates, as are the theories of the 
physicist or the chemist in their own limited fields. 


LENGTHENING OF LIFE PERSPECTIVE. 


There is another notable development of this century which must affect 
evolutionary thought, the expanding idea of the time during which the earth 
and life upon the earth have been in existence. Broadly three methods of 
making the estimation have been canvassed—physical, geological and bio- 
logical ; but from the fundamental uncertainty which attaches to conditions 
of life, it may be assumed that biological methods are bound to be problematical 
and unsatisfactory. ‘To illustrate the enormous change in outlook which has 
taken place let me mention a few of the estimates. 

An early estimate was biological, founded upon the genealogies of the Book 
of Genesis. It used to be familiar in the reference column of the Bibles of a 
past generation such as Bagster’s Polyglot Bible, where the Creation is set down 
precisely at 4004 B.c. In the eighteenth century, Buffon, a far-seeing 
naturalist who had views upon evolution ahead of his time, put the matter to 
the test of experiment. Recognising in the earth a cooling body, he measured 
the rate of cooling of cast-iron balls, and from the results boldly stated that the 
six days of Biblical creation were ‘ periods ’ to be extended as the facts required, 
and that the age of the earth was actually some 75,000 years. 

Scotland took a prominent part in the many discussions of the subject 
which took place in the nineteenth century. It was Lord Kelvin who, from 
the secular cooling of the earth, concluded that the globe must have con- 
solidated not less than 20 millions of years ago, and finally suggested limits 
between 20 and 40 millions of years; and it was Prof. Tait who reduced 
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that estimate to from 10 to 15 millions of years. The geological view was 
expounded by Sir Archibald Geikie at meetings of the Association at Dover 
in 1899 and at Edinburgh in 1892, and he summed up for an interval of 
*‘ probably not much less than 100 million years since the earliest forms of life 
appeared upon the earth and the oldest stratified rocks began to be laid 
down.’ 

From these earlier discussions it would appear that a psychological element 
entered into the final estimates, as if the calculators drew back aghast at the 
possibility of the enormous age of the earth at which their estimates hinted. 
Thus almost all tended in their final summing towards the minimum of their 
scales, and little is heard of the other extreme—Lord Kelvin’s independent 
maxima, reached by different methods, of 1,000, 400 and 500 million years, 
or Geikie’s 400 million years—although these came much nearer to the modern 
estimate. 

The effect upon the biologist of the varying estimates, of their uncertainty 
and the adverse criticism to which they were subjected, was such that he 
simply ignored them. Thirty years ago it was the worst possible form, 
zoologically, to mention them. But now, thanks to a consensus of opinion 
that admits credibility to estimates based upon the break-up of radio-active 
minerals in the rocks, the reputed ages of the geological formations are creeping, 
somewhat apologetically, into the biological textbooks. They have passed 
through the textbook needle’s eye ; that is a sign for anyone to read. 

Some of you will remember the joint discussion, shared in by this Section, 
at the meeting of the Association in Edinburgh in 1921, when Lord Rayleigh 
summarised the physical evidence from the breakdown products of uranium. 
Since then the methods of estimation and calculation have been refined, but 
the results of several methods appear to be in substantial agreement. Thus the 
beginning of the Cambrian formations, with their well-preserved fossils, were 
laid down probably about 500 million years ago ; below the Cambrian are 
formations with relatively few and mostly ill-defined fossils, which carry the 
relics of life back some 800 million years, and stretching away beyond that we 
must imagine a period when life was evolving in its most primitive forms, of 
which no trace remains or could remain. We may say that life has existed 
upon the earth for perhaps 1,200 millions of years ; and then to complete the 
picture that the birth of the earth, and as the new cosmology seems to indicate, 
perhaps also at the same time the stupendous birth of sun and stars, took place 
about 2,000 million years ago. 


STABILITY OF ORGANISM AND SLOWNESS OF EVOLUTION. 


This amazing extension of the time concept of life emphasises anew some 
of the striking features of evolution. We are accustomed to lay stress on the 
variation of living things, upon which evolution depends, but surely more 
remarkable is the stability of living organisms, which retain their own characters 
in spite of changes in the environment, and whose germ cells pass these 
characters unaltered through countless generations. The edible cockle 
(Cardium edule) has retained its specific characters for two million years or 
more ; its genus, in a wide sense, lived 160 million years ago in the Trias. 
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The Crinoid genus Antedon which flourishes in our own seas antedated that 
old bird Archaeopteryx in the Jurassic Period, 140 million years ago. It is 
surprising enough to realise that genera of foraminifera, like Nodosaria 
(Silurian) and Saccammina (Ordovician), still abundant in our oceans, have 
retained their generic characters for about 300 million years. But they 
are relatively simple organisms ; it is still more astonishing to think that 
contemporaneous with them or before them lived modern genera (again in 
the wide sense) of more highly organised brachipods, like Lingula (Ordovician), 
and Crania (Ordovician), and that these have experienced the geological 
upheavals and secular changes since Paleozoic times without turning a hair, 
or in the revised version, without the shift of a gene upon a chromosome. 

It is in agreement with that stability of organisms that we must conceive 
of evolution as a process of extreme slowness, as if living things are loth to 
change, and ultimately change only under the direct compulsion of circum- 
stances. Of that slow progress in its minor phases the new chronology gives 
us a measure. One or two well-known examples will illustrate the point. 
Osborn (1918) and Matthew (1914), each in his day, suggested a time-scale for 
the evolution of the modern Horse (Equus) from its precursors of Eocene times. 
But the newer data bearing upon geological ages should contribute further 
precision to a fresh estimate. Accepting, then, the data from helium and lead 
methods of time-estimation as given by Holmes (1937), we find that the whole 
gamut of changes which modified the four-toed forelimb of Eohippus into the 
single toe of Equus, from Lower Eocene to Upper Pliocene, occupied about 
57 million years. It took some 17 million years to reduce the four effective 
digits of Eohippus (Lower Eocene) to three in Mesohippus (Lower Oligocene), and — 
22 million more to raise the two lateral digits clear of the ground (in Merychippus, 
Middle Miocene). The penultimate stage of reducing the ineffective side digit 
to vestigial splints (in Plesippus, Upper Pliocene) occupied some 16 million 
years, and the gradual reduction of these vestiges to the condition seen in the 
true horse (Equus, Upper Pliocene) probably took about another two million 
more. 

Time evolution in the series of invertebrate animals may be illustrated from 
A. W. Rowe’s well-known study (1899) of the unbroken gradation of variations 
in the fossil sea-urchin Micraster. The Cretaceous period occupied in all about 
40 million years. A rough proportional estimation would suggest that the 
evolution of the foundation species of the series Micraster cor-bovis into M. cor- 
testudinarium (i.e. from the Terebratula gracilis zone to Holaster planus zone) took 
about one million years, while the further changes which eventually produced 
Micraster cor-anguinum occupied an additional 1} million years. 

From another standpoint a view may be gained of the rate of evolution in 
recent times. The American scientist O. P. Hay stated in 1928 that ‘ a learned 
writer on mammals tells me that he doubts that a single new species has 
developed since the first interglacial stage.’ But the suggestion is incorrect. 
In the outer islands of Scotland there are recognised several species which are 
distinctive of the islands, such as the Islay shrew (Sorex granti), the Orkney 
vole (Microtus orcadensis), the Mull bank vole (Evotomys alstoni), the Hebridean 
field-mouse (Apodemus hebridensis), or its relatives in Fair Isle (A. fridariensis) 
and in St. Kilda (A. hirtensis), and the St. Kilda house-mouse (Mus muralis)— 
to take examples from several different genera. We need not discuss the special 
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characters of these species, it is enough that they are recognisable and are 
regarded as distinctive by the specialists best qualified to judge. 

Now a time limit is set to the evolution of these species. Scotland itself and 
its islands were overwhelmed with glaciers during the Ice Age, life was 
extinguished, and it was only after the ice had passed away and the land had 
subsequently become clothed with vegetation that the country became fit for 
even shrews and rodents to live in. The mainland of Scotland was stocked by 
migration from the continent of Europe, the islands presumably from the 
mainland, and since that time the new species of the islands have branched 
cff from their mainland ancestors. All this must have happened in a period 
subsequent to the last great glaciation. Penck reckons the Biihl stadium of 
post-glacial time in Northern Europe at about 20,000 years B.c., and that 
probably indicates the maximum of time which may be allowed for the 
evolution of the Scottish island species. 

It is natural that the degree of change involved in the transformation of 
those species cannot be compared with the generic changes in the horse series, 
reckoned in their millions of years ; and yet it is plain that the comparatively 
slight changes shown by the endemic species of the Scottish mainland and the 
islands, as well as many less marked changes seen in the geographical races of 
Scottish birds and mammals, while of post-glacial origin, have had available 
for their development a range of years far exceeding the span of human 
observation or tradition. 

If this time-factor is a necessary element in the evolution of species in 
nature, doubt is thrown upon the validity of arguments concerning evolution 
based upon laboratory experiments in which intensification of means produces 
rapid change. There is no reason why the reaction of an organism under such 
exaggerated stimuli should be the same as that produced by minimal influences 
of the same nature over an exceedingly long time. Even in inorganic nature 
the reaction of inanimate environment may differ according to the time 
element. A new stream makes its way along fissures and weaknesses in the 
substratum on which it flows, and this first course may determine the meander- 
ings of the stream through long ages. But concentrate the flow of a year or 
several years in a cloud-burst which falls at the source of the stream, and the 
track made by the torrent, cutting across obstacles, may bear no resemblance 
to the age-worn course, except that it runs down-hill. The sensitive organism 
delicately adjusted to a particular environment is less likely than inorganic 
environment to give a ‘ natural’ answer under concentrated compulsion. 


ADVENT OF MAN AND EVOLUTION. 


_ The lengthening of the time perspective of life upon the earth adds new 
. Insignificance to the span of man’s tenancy of the world and new impressiveness 
to the part he has played as an agent in evolutionary processes. Man of our 
own genus, beginning in the early Pleistocene Period, has probably less than 
a million years behind him, but the species of man now dominant in the world 
(Homo sapiens) appeared only at the close of the Wiirm Glacial stage, no longer 
than 25,000 to 40,000 years ago. Yet even this relatively short space of time 
_ exceeds man’s span as an effective agent in world change, for in spite of the 
arts he developed in early post-glacial times he remained practically submerged 
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in the fauna, having little more influence upon his environment than the beasts 
with which he shared it. 


‘Man walked with beast, joint tenant of the shade ; 
The same his table, and the same his bed.’ 


It was Neolithic man who set the ball a-rolling through his outstanding 
achievements in domesticating wild animals and in developing the cultivation 
of the soil and growing of crops. For these achievements, apart from laying 
the foundation of a new era in the progress of civilisation, started a series of 
changes which have profoundly influenced the distribution of life upon the 
earth. In one direction the safety of flocks and herds demanded the 
elimination of beasts and birds which threatened them, and in another the 
need of land for crops and pasturage played havoc with the wild environment 
and so with the fauna which it sustained and sheltered, although the crops 
themselves encouraged the multiplication of certain elements in the fauna 
which became the pests of agriculture. 

The Neolithic Age, which originated these changes, reached Western 
Europe only some 8,000 years B.c., though in the East and in the lands of old 
culture it began several thousands of years earlier. But Neolithic man, 
although he initiated the most far-reaching changes in plant and animal life, 
was himself, with his implements of wood and stone and limited powers of 
offence, ineffective in his interference. Even in a limited area like Scotland, 
few animals died out during his rule and it would be difficult to bring home to 
him responsibility for their disappearance. For the effective introduction of 
man as an agent of evolutionary change we must look to a time more recent. 
And that time is determined by his increasing efficiency as a cultivator and 
destroyer, and particularly by the need for food and fire demanded by an 
increasing population. These influences began to make their mark about the 
tenth century of our era when several of the interesting members of the 
primeval fauna of this country had disappeared or were on the verge of 
extinction, but in the centuries following the sixteenth they commenced a 
period of pressure, which, increasing in intensity, has transformed the faunas 
of civilised lands. 

It is not an accident that the emergence of man as a major factor in the 
evolution of faunas coincided with the increased power of destruction presented 
to him by the invention of gunpowder and guns, and with that extraordinary 
increase in population which in the last three hundred years has multiplied, 
almost five times over, the numbers of mankind upon the earth (see Pearl, 1937). 
For this burst of population was itself the accompaniment of intensified 
agriculture and stock-rearing, of the spread of industries and development of 
commerce, all of which have had profound repercussions upon aboriginal 
faunas and floras. 

While modern man has existed upon the earth for some 30,000 years, his 
part as a distinctive agent in the evolution of faunas is limited to a thousand 
years, and within that span his great transformations are practically confined 
to the last three hundred years. That is a period infinitesimally short com- 
pared with the ages during which the aboriginal faunas into which he was 
launched had been differentiating, redistributing and establishing themselves in 
a natural balance. What transformations has he wrought in so short a time? 
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The lengthening perspective of life upon the earth gives new significance to 
the extent of man’s interference. 

I do not propose here to examine in detail the magnitude of this new world 
factor in the evolution of faunas and floras. That is best shown in a limited 
area which can be intensively studied, and I have elsewhere described with 
reasonable thoroughness the stages and sum total of this process in Scotland, 
the recent geological history of which makes it particularly suited for such an 
analysis (Ritchie, 1919, 1920, 1923). I may, however, indicate the depth of 
penetration of this new faunistic factor by pointing out how superficial is the 
view that regards man merely or mainly as a destroyer. He has indeed 
deliberately reduced numbers or extirpated animals for his own protection or 
for that of his flocks and crops, for food and other necessities, for sport, and to 
satisfy the whims of luxury ; and without intention his cultivation of plains 
and marshes and destruction of primeval forest have destroyed feeding grounds 
and banished their former tenants. Yet his addition to numbers far outweighs 
his destruction. Intensive cultivation has added a stock of domestic animals 
far beyond the bearing capacity of wild country, besides increasing the 
numbers of wild creatures which also benefit from his crops. Deliberate 
protection of animals, for sport, for utility, for esthetic reasons, and on account 
of popular superstition, has also multiplied numbers. Furthermore, apart 
from numerical changes within the aboriginal faunas, man has changed their 
qualitative composition by introducing foreign animals deliberately (here we 
must include domestic animals), and unintentionally through the ramifications 
of international commerce. 

These are simple primary effects of man’s interference ; secondary and 
remote consequences are even more impressive in their ultimate issues. In 
general it may be said that wherever civilisation has made itself felt three main 
faunal changes are noticeable: the largest animals tend to be reduced in 
numbers and eventually to disappear ; smaller creatures, dependent upon 
cultivation and human habitations, multiply far beyond aboriginal numbers ; 
and the deliberate or accidental spread of ‘ foreign’ creatures is creating a 
degree of cosmopolitanism throughout the world’s faunas. 

How do these changes brought about by man stand, viewed in the per- 
spective of the long evolution of faunas upon the earth? There are two types 
of change in progress in the natural assemblage of animals in any region. 
There is a constant ebb and flow within the fauna itself due to local and 
temporary influences, a swing of the pendulum about a mean, the ‘ balance of 
life ’ which is never quite struck. But there is also a faunal drift, revealed in 
the story of the rocks or in any long vista of faunal history, and this is due to 
great secular changes, to geological influences, to modifications of climate, to 
the insurgence of the forces of life. 

Where man’s interference is temporary and casual it may be compared to 
the internal faunal tide, which is of littke moment in the long run ; but where 
his interference is persistent in any direction it must be reckoned as sharing 
with the great secular forces of Nature in propelling a fauna upon a path along 
which there is no return. 

Such is the remarkable conclusion to which the long view of man’s place 
as a natural agent brings us—that he has set in motion forces which, in our 
era and mainly in the last three hundred years, have wrought faunal changes 
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which can be compared only with the great secular changes of world evolution. 
And when the ridiculously short span of his interference is contrasted with 
the slowness of natural processes, the probability forces itself upon us that 
in a few more thousand years of man’s inheritance of the earth the old 
order of nature will be superseded in the faunas of the world by a new order of 
Mankind. 


MAN IN EVOLUTIONARY PERSPECTIVE. 


Having thus assigned to Man dominance amongst the forces which 
determine faunal assemblages, let me now endeavour to put him in his place 
in the long perspective of life and evolution. 

Temporarily his past is insignificant, how insignificant it is almost impos- 
sible to realise. But let us picture the unimaginable space of time since 
life began as a twelve-hour day, beginning with the first living molecules in 
an early world at midnight and reaching a climax, as we should say, at the 
high noon of evolutionary attainment—ourselves. These twelve hours will 
represent, according to the data I have already referred to, roughly 1,200 
million years, each hour 100 million years, each minute rather more than 
14 million years. Our clock must be a twenty-four hour clock, for we can 
assume that life and evolution will continue in the future (for the convenience 
of my diagram, supported by the calculations of the physicists) say as long as 
life has already existed. ‘Then the long period of indeterminate living things 
almost unrepresented by fossils would have existed from zero till 7 o’clock ; 
the Paleozoic period, when fishes and amphibia predominated, till about 
10 o’clock ; the Secondary period with its predominant reptiles till about 
11.15; and the great development of birds and mammals in the Tertiary 
period would be confined to less than three-quarters of an hour before mid-day. 
Now in this procession primitive man makes his appearance with the Ice Age 
at less than a minute to noon, and man of our own species (Homo sapiens) less 
than a second and a half ago. On our time-scale all the developments of 
historic man, all the wonderful achievements of civilisation, all the new 
order of mankind in nature has been crowded into less than one-tenth of a 
second. 

But this perspective of man’s temporal place in the universe suggests other 
considerations. It gives a pointer to the future of mankind upon the earth. 
Prof. Julian Huxley in his address to this Section of the British Association at 
Blackpool (1937) and many others have speculated upon the near view of 
man’s future. To some it has seemed likely that future progress will be 
along the lines of individual development, that brains and mind will become 
more perfect in their working until man is master of all nature. Others 
look to a future in which not the individual as a unit, but society as an 
integration of individuals will become more closely knit and more perfect in its 
functioning. 

Still others see in the modern developments and threats of warfare a warning 
finger of the doom of civilisation. I would remind these doubters that evolu- 
tion as we know it is built upon destruction ; that the development of the whole 
animal kingdom rests upon the destruction of green plants, which biologically 
are formed of the same stuff as we are, and that within the animal kingdom 


| | 


42 


the flesh-eaters have risen upon the bodies of their fellow-creatures. The 
drama of wars amongst mankind and the imminence of war seizes the imagina- 
tion, and history-books bias the mind by emphasising wars and ignoring the 
quiet but effective work of millions of unknown citizens through the ages. 
But in our perspective of hundreds of millions of years these are the merest 
incidents and, war or no war, the quiet progress of evolution flows through life 
carrying the world of living things steadily but unobtrusively from one step 
to a higher. 

In his short past man has been moving towards a higher intellectual, 
spiritual and moral standard, and the biological view would be that in the 
immediate future (geologically speaking) that movement will continue and 
that for human beings this future lies in the development and perfection of 
social life and in the spreading of the social idea to include peoples and nations 
as well as individuals, with all the correlated advances that these imply. 

That is the short view of man’s future, but what of the long view of mankind 
upon the earth? I notice that Sir James Jeans contemplates (1929, p. 338), 
at any rate fancifully, the existence and progress of humanity until the shadow 
of the extinction of life upon the earth falls upon the world, many millions of 
years hence. Does our vista of life support such a view ? 

We must admit that any view of science about the future of humanity can 
be only a short-range forecast ; of the long-range forecast it can say nothing. 
The reason is that science knows only the past and the present, so that it can 
read into the future only the glorification or degradation of what has already 
been expressed in mankind, let us say better brains, better social organisation, 
less self-seeking. Yet the unfathomable characteristic of life is that it is always 
throwing up something new ; evolution proceeds not only by permutations 
and combinations of the old, but by the emergence of new lines of development. 
The physicist can foretell with accuracy the movements of the planets, the 
return of eclipses and comets, but who knowing only fishes could have foretold 
the amphibia which arose from them, or knowing only the reptiles could have 
foretold their descendants the birds and the mammals? When we leave 
details, in the world of living things we can be wise only after the event, we 
cannot be wise before the event. Therefore the long future of evolution upon 
the earth is unknowable, so far as science is concerned. 

Nevertheless, bearing that warning in mind, we may gain some hint from 
our perspective of life upon the earth. 

We look upon man, and rightly so, as the crowning glory of evolution : 
stage by stage, we say, the evolution of the past has led up to him ; we can 
imagine nothing higher, evolution appears to have reached its goal. 

But step back some 180 million years in our time-scale to the Triassic period 
when the great dinosaurs dominated the earth and nothing higher than 


Reptiles had been evolved. To themselves and to the creatures which shared © 


the world with them, they must have seemed (if they had any self-consciousness), 
and indeed they were, the crowning glory of creation ; stage by stage the 
evolution of the past had led up to them ; nothing higher could be imagined, 
evolution appeared to have reached its goal. And that could be said by 
their contemporaries of the highest creatures at every stage in the course of 
1,200 million years of evolution, just as it is said of Man to-day. A hundred 
million years have rolled past since the time of the dinosaurs and they and all 
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their immediate kin have disappeared for ever, and new and unforeseen trends 
of life have blossomed, as they have done over and over again, and have 
carried the story of evolution on to the present, when man is the dominant and 
highest. 

Looking back over that 1,200-million-year vista of the steady climb o 
life upon the path of evolution, it seems presumptuous for us to suppose that 

man, the latest newcomer, is the last word or the final crowning glory amongst 
many, and that with his coming the great steps in evolution have come to 
an end. Looking forward to the future of life upon the earth, it seems even 
more presumptuous for us to suppose that for the next 1,000 million years 
life, so surprisingly inventive in the past, should be tied for all time to come 
to trifling changes like increase of brain power or better social organisation 
for mankind. 

The truth is that we, bound by the past, can imagine nothing more, but 
if the long vista of evolution is any clue to the future, we cannot regard 
mankind, the crowning glory of the present, to be more than a stage in life’s 
progress and a milestone upon the path of evolution towards a greater future. 
To think otherwise is to imagine that with the coming of man, so insignificant 
in time, the advance and inventiveness of evolution, steadily carried on 
through an unimaginable vista of years in which no trace of maconing can be 
perceived, has all but come to an end. 

It may seem to you that our perspectives have carried us far afield into 
a future so remote that it is scarcely worthy of consideration. My excuse must 
be that we are so accustomed to think of man as the sole significant inhabitant 
of the world that it is worth while now and again to look upon him in his 
biological setting as but one, and yet so far the greatest, of the manifestations 
of life upon the earth. 
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SECTION D.—ZOOLOGY 
COMMUNICATIONS 


Dr. R. S. Clark.—Movements of herring larve. 


The observations are based on material collected by the Scottish research vessels 
since 1904, but excluding the war period, within the area bounded by latitudes 53° 
and 63° N. and longitudes 8° E. and 10° W. The plankton collections averaged 
about a thousand a year and the number of Clupeoid larve sorted out, identified 
and measured, totalled about a million. The origin points of the larve, both in 
time and place, were defined by a combination of the following methods : 


1. Dredging of eggs in situ. 

2. Occurrence of eggs in stomachs of predaceous fishes. 
3. Capture of yolk sac larve. 

4. Concentrations of spawning shoals. 


The larve, after the absorption of the yolk sac, rise to the surface layers and are 
carried passively downstream by the currents. The actual numbers caught were 
greatest at sizes less than 15 mm., but they decreased rapidly with growth and with 
dispersal over a wider area. The numbers of larve over 20 mm. in length were 
relatively few in the collections, the immediate pre-scaled stages being found mostly 
in coastal waters, and the smallest scaled stages within the bays and in the estuaries. 
No seaward migration of any magnitude of the larger and older larve was observed. 

Dispersal of the larve bears a definite relation to the main current systems, but 
complications may arise from swirl currents which vary in extent seasonally and 
annually. 

Diurnal vertical migrations occur as in adult fish. 


* * * 


Mr. J. H. Fraser.—Animal indicators of Atlantic flow into the North Sea. 

Water entering the North Sea can be distinguished from North Sea water by 
physical differences and also because it brings with it a different plankton. Different 
species have differing habitats and so a knowledge of the actual species will reveal, 
within broad limits, the origin of the incoming water. Typical indicators of warm 
water are Salps, Doliolids, Velella, Sagitta serratodentata, Eukrohnia, Rhincalanus 
and Eucalanus, and typical of cold water are Calanus hyperboreus, Metridia longa, 
Sagitta elegans arctica and Limacina helicina. Similarly, upwelling of deep water will 
bring into the surface layers deep-water species such as Sagitta maxima and S. lyra. 
As the Atlantic inflow passes round the north of the British Isles and into the North 
Sea it becomes more and more influenced by admixture of coastal water ; the purer 


= 
/ 
| 
| 
| 


45 


oceanic forms die out and become replaced by a rich mixture of abundant Sagitta 
elegans, Calanus, Euphausids, Meduse, etc. This mixture is one of the richest 
plankton communities around the British Isles. North Sea water is typified by the 
presence of Sagitta setosa and has a comparatively poor plankton population. By 
studying the distribution of these species, the course and extent of the penetration 
from year to year may be traced. 


* * * 


Mr. C. E. Lucas.—An investigation into the ecology of plankton in the North 
Sea. 

In 1932 Prof. A. C. Hardy described to Section D the initiation of a survey of 
the plankton of the southern North Sea by means of the Continuous Plankton 
Recorder. This began at University College, Hull, in 1931 and provided con- 
tinuous records of the plankton monthly between Hull and Bremen, Copenhagen 
and Rotterdam and, later, between London and Esbjerg. This work was expanded 
in 1937 to include the northern North Sea, a second laboratory being opened at 
Leith as a base for further lines between that port and Copenhagen, Hamburg, 
Lerwick and Faroe and from Glasgow to Hamburg and Bergen. From these ten 
lines a monthly network of observations is obtained for the study of the seasonal and 
annual variations of the plankton. 

This communication concerns mainly the results from Scottish waters, in which 
work Mr. N. B. Marshall and Mr. C. B. Rees have also shared. It is based on some 
25,000 miles of recording in 1938 and 1939 and shows representative surveys of the 
distribution of different zoo- and phyto-planktons. The bearing of the data on 
knowledge of water movements and commercial fisheries is discussed. From such 
regular observations it is hoped that, rather like a meteorological service, it may 
be possible to provide working forecasts of subsequent conditions. 


* * * 


Mr. R. D. Purchon.—The biology and relationships of Xylophaga dorsalis, a wood- 
boring mollusc. 

Previous workers, who examined only the shell, accessory plates and pallets of 
Xylophaga, considered that Xylophaga more nearly resembled the rock-borers such 
as Pholas, than the other wood-boring Lamellibranchs. 

Examination of the soft parts reveals that Xylophaga is intermediate in structure 
between the Teredinide and the Pholadide, having many points in common with 
both of these families. It is more nearly related to the Teredinide, however, and 
should be transferred to this family. This decision is supported by an examination 
of the ctenidia, labial palps, alimentary canal, pericardium and the musculature. 

Xylophaga also resembles other wood-boring Molluscs in being a protandric 
hermaphrodite. It possesses a pair of vesicule seminales which are situated close 
to the openings of the genital ducts. It also possesses an extraordinary glandular 
organ in the supra-branchial cavity. It occurs in an active condition only during 
the male phase, and is thought to assist in the storage of spermatozoa in the seminal 
vesicles. This is the first recorded case of sexual dimorphism in the Lamellibranchia. 

Self-fertilisation, which is certainly made possible by the possession of these 
organs, would be of great survival value to these animals which are usually found 
in small pieces of driftwood. 

* * 


Discussion on Aspects of parthenogenesis. 


Prof. A. Vandel.—Polyploidy and geographical distribution. 
The author has previously pointed out that two races or two neighbouring 
species, of which one is bisexual and the other parthenogenetic, often occupy different 
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geographical areas. Generally, the parthenogenetic race inhabits more northern 
regions than the bisexual one. The parthenogenetic race is generally also polyploid 
compared to the bisexual race. The author called these facts ‘ Geographical 
Parthenogenesis.’ The researches made by the botanical cytologists have led the 
author to modify his first interpretation, for they have shown that polyploid plants 
are more numerous than diploid ones, not only in the arctic or alpine regions, but 
also in regions with unfavourable climate (desert type) or in soils unfit for plant 
growth, e.g. those rich in lime or in salt. In a word, polyploids seem more resistant 
than diploids to unfavourable conditions. The author applies these conclusions 
to ‘ Geographical Parthenogenesis ’ and considers that the extension of partheno- 
genetic and polyploid forms towards the north is linked more to their polyploid 
state than to their parthenogenetic multiplication. For instance, in one of the 
terrestrial Isopods of the genus Trichoniscus, the parthenogenetic form not only 
extends further north than the diploid form, but is the form which inhabits the 
Mediterranean ‘ garrigues,’ very dry places, nearly at the limit of the possibility of 
life of Trichoniscidae. ‘These facts agree with those shown by the botanists and prove 
that, because of their stronger resistance, the distributional area of polyploids is 
larger than that of the diploids. 


Dr. Ann R. Sanderson.—The cytology of parthenogenesis in the snail 
Potamopyrgus jenkinsi Smith. 


Only two parthenogenetic snails are known, Potamopyrgus jenkinsi Smith (some- 
times referred to as Hydrobia jenkinsi or Paludestrina jenkinsi) in Great Britain, and 
Campeloma rufum Haldeman in North America. The cytology of the latter species, 
worked out by Mattox, shows that the parthenogenetic egg does not undergo reduc- 
tion and that the diploid number of chromosomes is 12. In Scottish forms of 
P. jenkinsi, a second method of autoregulation occurs, for the egg undergoes one, 
non-reductional, division, the diploid number being 36-44. As Rhein states that 
on the Continent the species has a diploid chromosome number of 20-22, it is 
possible that the species in Great Britain is polyploid (tetraploid) and illustrates 
geographical parthenogenesis. 


Miss M. C. Malcolm.—Recent cytological studies in saw-fly parthenogenesis. 


The paper summarises the findings made by a number of workers at Dundee. 
In species so far investigated, the commonest diploid chromosome number is 16, 
but diploid numbers of 14 and 12 also occur. Studies in chromosome individuality 
support the postulate that the male and female, usually regarded as haploid and 
diploid respectively, are actually diploid and tetraploid ; this may account for the 
unusual viability of the male. Where parthenogenetic development is male- 
producing (arrhenotokous), maturation in the egg is normal, the production of 
females being dependent on fertilisation. In female-producing (thelytokous) 
parthenogenesis, there are two methods whereby the normal chromosome number 
is secured : (a) only one maturation division occurs, synapsis being absent, and the 
normal number being maintained, e.g. Thrinax macula Kl. ; (b) two maturation 
divisions involving reduction occur, the normal number being restored by fusion 
of the egg pronucleus with a polar body nucleus, e.g. Pristiphora pallipes Lep. Certain 
biological and cytological abnormalities have been found: (a) In Priophorus tener 
Zad., which normally shows arrhenotokous parthenogenesis, parthenogonic females 
have been produced. (b) Gonads, female in gross appearance, yet containing 
male cells, have occurred in Pristiphora pallipes and Trichiocampus viminalis Fall. 
The implications of the above are briefly discussed. 
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Prof. A. D. Peacock.—Recent researches in experimental parthenogenesis. 
A review. 


The pioneer classical experiments of Loeb and Bataillon, some forty years ago, 
demonstrating that unfertilised eggs could be artificially stimulated to development, 
excited much research which has shown that the capacity for parthenogenetic 
development in animals is much greater than formerly supposed and that experi- 
mental parthenogenesis can be induced by very many methods. Experimentation 
has also thrown much light on fundamental phenomena such as the functions of the 
nucleus and the cytoplasm, on the constitution and functions of the reproductive 
cells, and on the ‘ setting going ’ of processes (activation) which initiate the develop- 
ment of unfertilised eggs. Nevertheless there still exist many limitations in our 
knowledge. ‘The types that respond to experimental treatment are mostly aquatic, 
yet, as the majority of parthenogenetic animals are terrestrial, the results discovered 
for aquatic forms are of limited application. Many of the types studied actually 
show rudimentary parthenogenesis, while only in rare cases have adults been reared 
and their sexes determined. Cytological knowledge is also patchy and incomplete. 
No common activating principle has been discovered in the many agents used, nor 
has the nature of activation. There is uncertainty regarding the identity of the 
mechanisms of experimental parthenogenesis with those of fertilisation and of 
natural parthenogenesis and experimental methods have not revealed the origin 
and cause(s) of natural parthenogenesis. 


* * * 


Discussion on The habits of salmon and trout. 
Mr. W. J. M. Menzies.—Salmon migrations. 


Clean salmon marked in the Moray Firth have been found to be in the neighbour- 
hood of the river up which they will ascend, the majority of movements being con- 
fined to within an area of 50 miles of the place of marking. From the west coast of 
Scotland between Loch Inchard (20 miles south of Cape Wrath) and Ardnamurchan 
Point, the majority of marked salmon have travelled to the north and east coasts 
up to a distance of 400 miles from the point of origin. These fish have completed 
their feeding period before they reach the coast. 

In Norway, salmon marked close to the mouth of the fjords have moved inwards 
and up the fjords. But salmon marked on the shores of the outer island belt have 
made migrations analogous to those of the salmon on the west coast of Scotland. 
From the neighbourhood of Bergen they spread both southwards and northwards, 
one going as far as the White Sea. From a station near the North Cape two classes 
of movement were exhibited, one a local movement within about 100 miles of the 
place of marking, and another a very extended migration right along the north 
coast of Europe as far as the River Petchora, reputed to be the eastern limit of 
Salmo Salar. 


Mr. P. R. C. Macfarlane.—Homing instinct of the salmon. 


Scale reading has shown that the salmon of different rivers vary in certain 
characteristics ; for example, in the average age and length of the smolts and the 
proportions of the various age groups which make up the stock. Among the salmon 
of each individual river these characteristics remain relatively constant from year 
to year, while the differences exhibited by the fish of even neighbouring rivers are 
equally regular. That the salmon of each river should form a separate biological 
unit might be explained if the particular feeding grounds in the sea to which the 
salmon of any one stream resort were in the near vicinity, and within the sphere of 
influence, of that stream. Marking of salmon has proved, however, that they 
migrate in the sea to very great distances from the rivers to which they ultimately 
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return. The smolts from the various rivers, therefore, must form, in the sea, a 
population of completely mixed characters, and the returning adults, were they 
indiscriminate in the selection of the stream which they ascend, would produce in 
each river a stock identical in all particulars. That this is not the case points clearly 
to the possession by salmon of a strongly developed homing instinct. This is borne 
out by the mass of evidence obtained from the marking of smolts and kelts. 

Dr. K. Carpenter.—Seasonal rhythm in the feeding of salmon parr in the 

Cheshire Dee. 

A report of conclusions drawn from the examination of stomach contents of 
monthly samples of fishes obtained from the Dee and its tributaries, in connection 
with work being done at the University of Liverpool on the life-history of the Dee 
salmon. 

Mr. R. M. Neill.—Food relations of the trout. 


Prof. J. H. Orton and Mr. J. W. Jones.—The spawning and post-spawning 
phase in male salmon parr and smolts from British rivers. 
Mr. D. F. Leney.—Modern hatchery methods. 
* * * 

Exhibition of Biological Films. (By courtesy of Strand Film Zoological Productions, 
Ltd., Gaumont-British Instructional Films, Ltd., and Associated British Film 
Distributors, Ltd.) 

Dr. J. S. Huxley, F.R.S.—Animal legends. The mind of the black-backed 


gull. 
Mr. H. R. Hewer.—Crustacea. Arachnida. The Grey Seal. 
* * * 
Prof. Sir D’Arcy W. Thompson, C.B., F.R.S.—The mechanics of the bird’s 
skeleton. 
* * * 


Mr. C. W. Parsons.—The embryology of the Hoatzin. 

Hoatzin (Opisthocomus) embryos are of special interest because the type is the 
only one of its family and sub-order, and is well known to possess important anato- 
mical features comparable with the bird-like reptiles. Eleven Hoatzin embryos 
collected by Dr. Carter in British Guiana have been examined. These range in 
development from a stage having nine mesoderm segments—equivalent to a fowl 
embryo of approximately forty hours’ incubation—to one single specimen ready to 
hatch. The earlier embryos resemble the corresponding stages in the development 
of other birds, but the oldest embryo is characteristic of the type and has been dis- 
sected. Points in the anatomy of this specimen and their bearing on previous 
observations on Hoatzin embryos are discussed. 


* * * 


Dr. G. H. Edington and Miss A. E. Miller.—A comparative study of the ulna in 
birds. 

Owen referred to certain bony outgrowths of the ulna in birds as ‘ quill knobs.’ 
These vary in different species and an account of their differences in certain instances 
is given. A large number of wing skeletons from museum preparations have been 
examined in addition to fresh material. In order to ascertain the relations of the 
secondary quill feathers to these structures, sections of adult ulne and of younger 
stages have been examined and compared histologically. The structures themselves 
have been investigated in order to record the course of their development. 


* * * 
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Prof. L. T. Hogben, F.R.S., and Mr. F. W. Landgrebe.—Visual acuity in fishes. 
* * * 


Mr. H. Waring.—Chromatic behaviour of the freshwater eel, 

Eels pale on an illuminated white background and darken on an illuminated 
black background. Eyeless animals, and normal animals in total darkness, are an 
intermediate shade. Chromatic behaviour of eels is slow and is co-ordinated by 
two hormones—an expanding hormone (B) from the posterior lobe of the pituitary 
and a contracting hormone (W) from the anterior lobe. Hypophysectomised eels 
show a small measure of background response which is rapid. Co-ordination of 
this response is by direct innervation of the melanophores. 


* * * 


Mr. G. P. Wells and Miss I. C. Ledingham.—Action of hypotonic salines on the 
isolated tissues of polychete worms. 

Various workers have studied the osmotic pressure of the body fluids in marine 
and estuarine invertebrates (especially crustaceans and polychetes) in relation to 
that of the external environment, and have shown that the invasion of brackish 
and fresh water is correlated with the ability to maintain a blood salinity higher 
than that of the surrounding fluid. There has, however, been little work on the 
osmotic pressure tolerance and relations of the actual tissues of the animals. The 
existence of this gap in our knowledge is regrettable, for we cannot appreciate the 
significance of an internal environment without a knowledge of the requirements 
of the cells for whose protection it is maintained. The authors have therefore made 
a study of salinity effects on the activity of isolated rhythmic preparations from 
polychete worms. ‘The tissues were exposed, either to sudden changes of salinity or 
to salinities which ‘ drifted’ slowly and steadily, over periods of many hours, from 
that of sea water down towards that of fresh water. The ability of many types of 
cells gradually to accommcdate themselves to a new environmental osmotic pressure, 
with the consequent differences in effect between sudden and slow salinity changes, 
are emphasised in discussing the results. 


* * * 


Mr. J. W. Morton.—The reaction of retinal pigments to coloured light. 

The paper gives a short account of research on colour vision being performed 
in collaboration with Prof. Fritz Weigert. . 

The method used is one developed by Prof. Weigert and depends on the 
phenomenon of photo-dichroism in thin films coloured with photo-labile pigments. 
This has been applied with success to the investigation of extracts from the retine 
of cod, dogfish and frogs. The results so far obtained would seem to give a basis 
for colour vision of a purely physical nature when considered apart from the 
psychology of this function. 

* * * 


Mr. L. C. Beadle.—The biology of some saline waters in the Northern Sahara. 


Owing to the peculiar geological structure of Central North Africa, the Northern 
Algerian Sahara forms a closed drainage basin in which water collects by sub- 
terranean courses both from the north and the south. There are several isolated 
patches of open water, some of which are permanent, which tend to become saline 
owing to evaporation. They are often saturated. The colonisation of these by 
living organisms presents problems of great interest to the ecologist, the physiologist 
and to the student of geographical distribution. The animals and plants are mainly 
of fresh-water origin, but several species are only known from inland saline waters. 
Others are also found in the sea and estuaries, and it is possible that some of these 
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are marine relicts from a time when the sea invaded the Northern Sahara. The 
physiological mechanism of adaptation to high salinities has been investigated in 
the mosquito larva Aedes detritus, which can tolerate anything from a trace of salt 
to a concentration at least twice that of sea water. 


* * * 


Miss I. Limbert.—A comparative study of the food of freshwater fishes with 
special reference to the Tweed. 

Collections from the Tweed watershed have made possible some studies of the 
food of four species of non-salmonoid fishes. 

Spring-caught grayling were feeding more heavily than those taken in the 
autumn. The stomachs of both groups contained a great variety of animals. 
Subsurface forms constituted 94 per cent. of the total food organisms, the remainder 
consisting of surface types. The dominant foods vary in different areas. ‘Tweed 
grayling were feeding mainly on larve and pupz of Chironomidz to the extent of 
50 per cent. of the total food, Derbyshire grayling on Planorbis sp. and Hampshire 
grayling on Gammarus pulex L. The importance of Gammarus in the food appears to 
decrease northward, that of some other organisms to increase. 

Flounders from the Tweed were apparently restricted to small food animals by 
the size of their mouths. Larve and pupz of Chironomide constituted 98 per cent. 
of the food. 

Roach taken in the Tweed watershed in September and May were feeding on 
plants of which Ocdogonium, Cladophora, and numerous diatoms were the most 
abundant. Animal organisms were extremely rare. 

Stomachs of gudgeon caught in May contained chiefly vegetable débris of the 
same type as in the roach, although the proportion of animal remains was some- 
what larger. 

* * * 


Dr. E. B. Worthington.—Recent developments in research on freshwaters. 


Three examples of research being conducted at Wray Castle, the central labora- 
tory of the Freshwater Biological Association, are described briefly. 

1. In order to understand the present and future potentialities of a body of 
water in regard to the production of life it is advantageous to have knowledge of 
conditions in the past. The deposits on the floors of lake basins provide some 
information and accordingly they are being studied in the English lakes: echo- 
sounding machines give information on the thickness of deposits, special apparatus 
for raising cores provides a check on the records from echo-sounding, and micro- 
scopic examination of the cores indicates the succession of diatoms and other forms 
which have lived in the lakes since the Ice Age. 2. Knowledge of the seasonal 
cycle in productivity of the open water, formerly restricted to physical and chemical 
variables, alge and zooplankton, is now made more complete by the study of bacteria. 
Variations in numbers of bacteria at different depths throw new light on biological 
activity. 3. The factors concerned in the growth-rate and size attained by fish 
are of both scientific and economic importance. Coarse fish, salmon, and trout are 
under investigation and a few results are put forward, especially regarding the 
latter. 

+ * * 


Dr. J. D. Robertson.—The biological importance of calcium in natural waters. 


* 
Mr. G. W. Rayner.—Preliminary results of the marking of whales by the Discovery 
Committee. 


Between 1934 and 1938 the Discovery Committee pursued an intensive pro- 
gramme of whale marking on the whaling grounds of the Antarctic, effectively 
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marking more than 5,000 Blue, Fin and Humpback whales. Of these about two 
hundred have been reported as captured after intervals varying between one day 
and fifteen hundred days. The data obtained are yielding much new information 
bearing on the life histories of the commercially important whales and the effect of 
the industry. 

The migratory movements taking place are shown to consist essentially of a return 
to the same area of the Antarctic year by year. In the Humpback an annual migra- 
tion to tropical waters is proved and is seen to be restricted to very regular routes. 
It is also demonstrated that Fin whales migrate to subtropical waters and both 
Blues and Fins are shown to return to the same area of the Antarctic, but not so 
markedly or as regularly as Humpbacks, although definite streams of movement 
can be recognised. In these two species there is also a spreading movement from 
one region of the Antarctic to another, but intermingling between the whales of 
some areas is very slow. Blues are being killed at a faster rate than Fins, and the 
rate of persecution of distinct streams of whales can reach very high figures. 


* * * 


Dr. D. S. MacLagan.—Some significant results of recent animal-population 
studies. 


At one time it was presumed that any attempt to formulate principles concerning 
the attributes and behaviour of animal-populations, was a will-o’-the-wisp pursuit, 
in virtue of the diversity of living organisms. The discovery that the growth of 
populations can be described by the ‘ logistic,’ or S-shaped curve, has radically 
altered this point of view ; and indicates that despite important differences between 
different populations, the basic biology of population-phenomena is applicable to 
all, whether they be men, mice, or weevils. By means of statistical and experimental 
analyses, the writer has attempted to evaluate the factors which cause the decelera- 
tion in the growth-rate of populations approaching their upper limit, i.e. to account 
for the shape of the curve of population-growth. It has now been found that even 
under optimum physical conditions, with abundant food and no deleterious waste 
products, animal-populations offer an internal resistance to their own growth. As 
the population-density increases, the factors inhibiting the rate of population-growth 
become more intensive in their action and tend to come into operation in a definite 
sequence. The significance of crowding in relation to the epidemiology of animals 
(including man) is gradually becoming realised. Suffice it to say, that, in virtue of 
the internal resistance (a complex of factors affecting the actual and potential numbers 
of the population), populations can inhibit their numerical increase ; and hence, 
the organism itself imposes the ultimate limit to its own abundance, in the absence 
of other factors of control. Problems of population are probably the most important 
ones confronting humanity, and ecologists are contributing their share towards a 
deeper knowledge of the principles underlying population-phenomena in general. 


* * * 


Dr. F. Fraser Darling.—Semi-popular lecture on the Atlantic Grey Seal. 


The Atlantic or Grey Seal, Halichoerus gryphus, is one of the rarer seals of the 
world. It inhabits the temperate coastal waters of the North Atlantic and is most 
numerous off the West Coast of Scotland. The remote islet of North Rona, nearly 
50 miles north of the Outer Hebrides, is the largest breeding ground. The seals 
feed on inshore fish about the West Highland Coasts until August, at which time they 
migrate to the few breeding places. ‘The bulls come ashore first and establish small 
territories ; calving cows follow in a few days’ time. Feeding is abandoned during 
the weeks the seals are breeding. The calves change coat at 2-3 weeks old and 
are weaned at this age. Bulls and cows repair to certain rocks near the breeding 
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grounds to change coat in November and December. The calves are left to find 
their own way to sea. ‘Territories and nursery grounds on Rona extend to 300 ft. 
above sea-level, but the nature of the coast line and other environmental factors 
influence behaviour in this respect. The bull is relatively passive at the breeding 
grounds and has an average of only five cows in his territory. 


* * * 


Prof. F. W. Rogers Brambell and Mr. H. A. Cole.—The phylogenetic significance 
of a new preoral ciliary organ found in Enteropneusts. 


A detailed comparison of a preoral ciliary organ found in certain Enteropneusta 
with the wheel-organ of Amphioxus, and the craniate hypophysis, reveals some 
remarkable similarities, but also some differences. This organ resembles the wheel- 
organ of Miller in its position in front of the mouth, epidermal character, and 
general ciliary nature. It resembles in its symmetrical arrangement both the 
hypophysis of the Craniata, and the hypothetical primitive condition of the homo- 
logue of both the preoral pit of Amphioxus and the hypophysis. The preoral 
ciliary organ differs from the wheel-organ in being separate from, although close to, 
the proboscis pore, and in the fact that the cells forming it bear tufts of cilia, while 
those of the wheel-organ each bear a single flagellum. It is thought that the 
shortening of the preoral region in Amphioxus, in comparison with Enteropneusta, 
may be responsible for the close association of the wheel-organ with Hatschek’s pit, 
while the flagellation of the individual cells of the wheel-organ is probably a secondary 
development, since flagellate epithelium is unknown among the Craniata, while 
ciliated cells are of frequent occurrence. A close examination of these differences 
therefore tends to strengthen the belief that the wheel-organ of Amphioxus, the 
preoral ciliary organ of the Enteropneusta, and the hypophysis of the Craniata, 


are homologous structures. 
* * * 


Mr. R. S. Hawes.—Notes on the eye and light reactions of Proteus. 


THE SCOPE AND LIMITATIONS OF 
PHYSICAL ANTHROPOLOGY 


ADDRESS TO SECTION H.—ANTHROPOLOGY 


By Pror. W. E. LE GROS CLARK, F.R.S. 
PRESIDENT OF THE SECTION. 


For many years now it has been established beyond doubt that Man is one of 
the terminal products of organic evolution, and that he achieved his humanity 
at a comparatively recent date in geological time. He was an animal domin- 
ated by the primitive instincts of the wild creature before he was a Man 
capable of controlling his own destiny by his intellect. He must be studied 
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as an animal before he can be properly appreciated and appraised as a human 
being. The subject which is concerned with the study of Man from this 
point of view is Physical Anthropology, and it may perhaps be claimed that, 
of all the subdivisions of anthropological science, Physical Anthropology is 
the most fundamental, since it concerns itself with the physical nature of Man, 
and the physical nature of Man underlies ultimately all those intellectual, 
esthetic, and social activities which supply the material for other branches 
of anthropological study. 

This address provides an opportunity of reviewing briefly the present 
position to which Physical Anthropology has brought us in the study of the 
origin of Man in the past, of his differentiation into the variety of races or 
ethnic groups which are dispersed over the world to-day, and of his potentiali- 
ties for the future. There are several reasons why it is desirable to make such 
asurvey. Among these is the fact that the subject of anthropology spreads its 
domain over unusually wide fields of scientific enquiry, so that its problems 
demand the attention of specialists of very different training and experience. 
For the anthropologist, indeed, Man is the focal point on which the activities 
of many departments of science converge, and this necessarily brings with it 
a difficulty—the difficulty of preserving the coherence of the subject of anthro- 
pology as a separate and integrated department of knowledge. For it is 
becoming increasingly impossible for the representatives of the different 
branches of anthropology to maintain intelligent contact with each other, 
and it is certainly becoming more and more difficult for each representative 
to judge for himself of the validity of the evidence which is presented in branches 
other than his own. Consequently, it is a matter of some importance that the 
nature of this evidence should be reviewed from time to time by those com- 
petent to do so, in order that conclusions and interpretations advanced by a 
specialist in one branch can be assessed at their true worth by specialists in 
other branches. 


THe ZOOLOGICAL PosITION OF MAN. 


One of the major problems in Physical Anthropology is to. determine the 
relation of Man to other groups of animals in the Order Primates, and to 
trace the various phases of evolutionary development which led to his emerg- 
ence from generalised Primate ancestors. Enquiries of this kind involve 
several methods of research. Comparative anatomy, in the first place, can 
supply a great deal of information regarding systematic affinities, and this 
may be further supplemented by studies in comparative embryology and 
comparative physiology. The results of the extensive researches of this kind 
which have been carried out in recent years have served to substantiate in 
general the views held by most anthropologists, namely, that Man has rela- 
tively close systematic affinities with the anthropoid apes; in other words, 
that the human phylum was derived (in the evolutionary sense) from a common 
ancestral group which also gave rise to the modern anthropoid apes. Ina 
number of details, however, a thorough enquiry into morphological compari- 
sons has led to certain modifications of this generally accepted thesis. The 
reason for this is that comparative anatomists and paleontologists have come 
to realise that parallelism has played by no means an insignificant part in 
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organic evolution. Now this conception considerably complicates phylo- 
genetic problems, for it makes it necessary to distinguish between morpho- 
logical similarities betokening real genetic relationship and those which are 
secondarily acquired as the result of convergence, that is, of evolutionary 
differentiation which may have occurred in the same direction in different 
groups independently. The phenomenon of parallelism has been demon- 
strated in many different phylogenetic series, and it is a factor which also 
demands the closest consideration in the study of Primate evolution. 

It may be pointed out that some degree of evolutionary parallelism is natur- 
ally to be anticipated, since it must be deemed likely that descendants of a 
common ancestor will be endowed with similar evolutionary potentialities, and 
will in the course of time tend to develop in the same general direction unless 
this is prevented by adverse environmental influences. The acceptance of 
this thesis inevitably leads to the recognition that anatomical similarity is not 
by itself necessarily indicative of a correspondingly close genetic affinity. 
Resemblance is no proof of relationship. Thus a possible fallacy is exposed 
which in the past has undoubtedly been responsible for hasty conclusions 
regarding systematic relationships. Indeed, many examples could be cited of 
cases in which structural similarities were taken at first to indicate close 
genetic relationship but which later proved to be merely an expression of 
parallelism. It is now realised that a mere numerical computation of anatomi- 
cal resemblances cannot provide a sound foundation for estimating degrees of 
affinity. Genetic affinity can only be assessed on comparative anatomical data 
by the proper evaluation of anatomical characters with due regard to their 
taxonomic importance. Let us refer to some specific cases by way of illus- 
tration. 

In the commonly accepted classifications of the Primates, the lemurs are 
placed in the lowest grade as a separate sub-order, Lemuroidea. In some 
respects the lemurs are a good deal more primitive than other Primates, and 
it has therefore been supposed by many anthropologists that the higher Primates 
must have passed through a lemuroid phase in their early evolutionary history. 
This conception was reinforced many years ago by the discovery in Madagascar 
of certain fossil lemurs which had developed such astonishingly simian charac- 
ters that some zoologists were led to the view that they represented an actual 
transition from lemur to monkey. It is now known, however, that the 
Lemuroidea as a whole became highly specialised in certain features in very 
early geological times ; from their earliest appearance in Eocene times they 
followed developmental trends in their dentition, skull and brain which 
culminated in aberrant specialisations. It is difficult to imagine, therefore, 
that they could have given rise to the higher Primates in which these speciali- 
sations were avoided. As for the extinct monkey-like lemurs of Madagascar, 
it is now known that true monkeys had already come into existence very much 
earlier in geological time. In addition to this, a close study of these extinct 
Madagascan lemurs has shown that the simian traits are superimposed on 
fundamental lemuroid specialisations which in themselves would probably 
debar lemurs from further consideration in the ancestry of the higher Primates. 
It is clear, therefore, that these lemurs took no part in the evolutionary develop- 
ment of the higher Primates. In other words, their simian resemblances must 
be attributed to evolutionary parallelism. 
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Another striking example of evolutionary parallelism among the Primates 
is to be found between the New World and the Old World monkeys. There 
is evidence to show that these two groups diverged in their phylogenetic history 
very early in Tertiary times ; indeed, it has been reasonably argued by com- 
petent paleontologists that they arose independently from different tarsioid 
ancestors. Yet a comparison of such existing genera as Cebus and Macaca 
reveals many remarkable similarities in the structure of the brain, skull, limbs, 
etc., similarities which presumably must have been acquired independently of 
each other. 

However, physical anthropologists are in general more concerned with the 
affinities of the higher Primates, and particularly with the position of Man 
himself. If parallelism has been so prominent a factor in the evolution of the 
lower Primates, how far may it not account for the morphological resemblance 
of Man to the anthropoid apes? There is little doubt that, if a numerical 
computation of anatomical characters were really feasible, of all the anthropoid 
apes it would be found that the gorilla and the chimpanzee resemble Man 
most closely. It has been concluded on such grounds that these two are there- 
fore most closely related to him (‘ related ’ in the sense that Man is presumed 
to have arisen comparatively recently in geological times—perhaps even as late 
as the Pliocene—from a common ancestral stock which also gave rise to the 
gorilla and the chimpanzee). 

In considering this problem, it must again be emphasised that a mere 
numerical computation of anatomical characters is of little value in making 
an assessment of affinities—indeed, it may be positively misleading, since it 
takes no account of correlations such as those which are related to the mutual 
interaction of tissues during morphogenesis. Apart from this, however, is 
there any positive evidence to suggest that the striking resemblances between 
Man and—for example—the gorilla may have their origin at least partly in 
parallelism ? ‘There is indeed some evidence that this is the case. Several 
anatomists have drawn emphatic attention to the structural specialisations 
which have been developed in the gorilla in evident adaptation to extreme 
arboreal habits. Among these specialisations may be mentioned the hyper- 
trophy of the upper limbs, the reduction in size of the thumbs, the relative 
shrinkage of the hind-limbs, and certain distortions of the small bones of the 
foot which (as first pointed out by Morton 4) may be attributed to the shifting 
forwards of the centre of gravity of the body in association with the great 
development of the shoulders and arms. In contrast with the large anthropoid 
apes, Man has avoided these aberrant specialisations ; in other words, in this 
respect he actually retains a more primitive and generalised structure. 

It thus appears probable that the human phylum must have diverged from 
the line of evolution leading to the anthropoid apes at a point in geological 
time when these arboreal specialisations were yet undeveloped. This con- 
clusion does not depend for its validity on a rigid and unreasonable adherence 
to the ‘ law of irreversibility of evolution,’ as some anatomists appear to think. 
There is certainly a good deal of palzontological evidence in favour of this 
principle, and this evidence may be taken to indicate that a ‘ positive reversal ’ ? 
(i.e. the reappearance of a character which has once been lost) is at least a very 


1 D. J. Morton, ‘ Evolution of the Human Foot,’ Amer. Journ. Phys. Anthr., VII (1924). 
2 Early Forerunners of Man, p. 12. London, 1934. 
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rare occurrence in phylogenesis. Nevertheless, the possibility of its occasional 
occurrence is not precluded.* 

However, if we accept the palzontological evidence that irreversibility is 
at least a general feature of evolutionary development, we may quite legiti- 
mately infer from comparative anatomical studies that it is extremely improb- 
able that Man was derived from an ancestral stock in which the limbs had 
become highly specialised for arboreal life. We may go further, and suggest 
the probability that Man diverged from the anthropoid ape stock at a time 
when the common ancestors were relatively small and agile animals, that is, 
before the weight of a heavy body adapted for brachiation in the trees might 
have led to secondary distortions of the foot skeleton. If this inference is true, 
it at once becomes clear that many of the Man-like characters of a gorilla (such 
as the large and well-convoluted brain, and many details of the skeleton) are 
parallel developments related to the increase in body size, and probably also 
related to the fact that the gorilloid and human stocks have inherited from 
some distant common ancestor a common potentiality for evolutionary 
development alcng similar lines. 

It is interesting to note that, in recent years, detailed and careful com- 
parative anatomical studies have led more and more students to the inevitable 
conclusion that the evolutionary history of Man and the anthropoid apes has 
been complicated by the effects of parallelism. ‘There remains no justification, 
however, for taking the extreme view that these higher Primates are in no way 
related to each other. Such a conclusion does violence not only to all the 
evidence of comparative anatomy, but also to the available paleontological 
evidence. The very fact that parallelism has occurred between Man and the 
apes indicates that they are ultimately derived from a common ancestral stock 
which endowed them with similar evolutionary potentialities. Moreover, 
even if it be accepted that the representatives of this ancestral stock could 
hardly have manifested the aberrant specialisations characteristic of the 
modern anthropoid apes, it remains reasonably certain that they must have 
shown in the structure of their brain, skull and dentition, anatomical characters 
which would demand their inclusion in the zoological category of Anthropo- 
morpha. In other words, it remains true to say that Man had a simian ancestry. 
This relationship is well emphasised in a new classification of Mammals 
recently put forward by G. G. Simpson,‘ for he includes Man and the anthro- 
poid apes in one superfamily, Hominordea. 

The question now arises whether we are likely to gain any more certain 
knowledge regarding the genetic affinities of Man and the anthropoid apes 
by further comparative anatomical studies of existing forms. The answer to 
this is—probably not. There has already been accumulated a great store of 
information concerning the anatomy of the higher Primates, and on the basis 
of this material it is possible to draw certain inferences in respect of the prob- 
able genetic affinities of one group with another. No doubt there is a great 
amount of data of this kind still to be recorded by patient investigation, but it 


3 Support for the concept of the irreversibility of evolution has recently come from an 
unexpected source—biochemistry. See the essay by E. Baldwin, ‘ Rigidification in Phylo- 
geny,’ Perspectives in Biochemistry, p. 99. Camb. Univ. Press, 1937. 

“ G. G. Simpson, ‘ A New Classification of Mammals,’ Bull. Amer. Mus. Nat. Hist., LIX, 
p. 259 (1931). 
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now seems unlikely that such studies by themselves will clarify further the 
phylogenetic problem, simply because of the inherent difficulty or impossibility 
of distinguishing between anatomical resemblances due to a true relationship 
and those resulting from parallelism. Comparative physiological studies are 
complicated by the same issue. For example, it has been found that the 
blood-serum and red corpuscles of the anthropoid apes contain group iso- 
agglutinins and group iso-agglutinogens which are identical with those of 
human blood, yet, according to Zuckerman,’ there is suggestive evidence that 
Man and the apes evolved their several blood-groups independently. From 
this kind of evidence, therefore, we reach conclusions similar to those based on 
morphological data; namely, that these higher Primates possess certain 
features in common which indicate a community of origin at some phase in their 
evolution, but that many of the resemblances shown by different genera may 
be the result of evolutionary parallelism. This is perhaps as far as it is possible 
to get on the evidence of the comparative anatomy and comparative physio- 
logy of existing Primates. For further progress in the study of phylogenetic 
problems, we must in the future rely on the evidence which accumulates from 
the study of the fossil record. 


THE PALZONTOLOGICAL EvIDENCE OF HuMAN ORIGINS. 


Fossil primates are but rarely found. Consequently, the physical anthro- 
pologist has to exercise considerable patience as he waits for the discovery, 
year by year, of more of these valuable prehistoric records. ‘Their very rarity, 
however, compels him to make the most intensive study of every available 
fossil fragment, and inevitably leads to the danger that he may attempt to 
compensate for the paucity of factual evidence by speculative argument. 

Let us very briefly refer to our present knowledge of the origin of Man in 
so far as it rests on paleontological evidence. No remains of Homo sapiens 
have yet been discovered in geological deposits antedating the Pleistocene age. 
It remains very doubtful, indeed, whether any fossil remains of the Hominide 
which have hitherto been found can be rightly referred to the Pliocene (in 
spite of the evidence offered by ‘ eoliths’). We know that earlier still, during 
the Miocene, several genera of primitive anthropoid apes (e.g. Dryopithecus) 
were fairly widely distributed over the Old World, and there are good morpho- 
logical reasons for supposing that some of these genera gave rise by divergent 
evolution to all the existing anthropoid apes and also to Man himself. The 
evidence for this, however, rests almost entirely on preserved fragments of 
jaws and teeth. While some of these retain quite generalised characters, 
others show structural approximations to the various large apes which live 
to-day, the gorilla, chimpanzee and orang-utan ; on the other hand, certain 
species of Dryopithecus (and allied genera such as Ramapithecus) in their dentition 
betray astonishing similarities to Man. We thus have a suggestive picture in 
Miocene times of the initial appearance of a number of offshoots of the 
dryopithecine stock, which seem to have provided the ancestral basis for the 
development of Man and the modern genera of apes. It appears, indeed, 
that this splitting up into the several genera of the Hominoidea must have 


5 Functional Affinities of Man, Monkeys, and Apes. London, 1933. 
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occurred quite early in Miocene times, for by the middle of this geological 
period the characteristic specialisations of the dentition found in the modern 
apes were already clearly evident in the incipient stages of their development. 

Apart from jaws and teeth, one humerus and a femur, no other remains of 
the Dryopithecus stock have come to light. So far as the limb fragments go, they 
suggest that the limb proportions at this phase of the evolution of the higher 
Primates were not specialised as they are in modern anthropoid apes. It is 
particularly disappointing that no other portions of the skull and skeleton 
have been found. There can be no doubt that they would provide evidence 
of the utmost value regarding the origin of the Hominide, and physical 
anthropologists eagerly await the opportunity of studying this evidence when 
it does become available. 

Between the Miocene genera of anthropoid apes and the earliest fossil 
record of Man there remains a large gap in the paleontological sequence. 
The oldest representatives of the Hominide of which we have any real know- 
ledge are Pithecanthropus from Java, and Sinanthropus from the early Pleistocene 
of China. The fact that some anthropologists have classified the remains of 
these early representatives of Man as two different genera is a good example 
of the results of the difficulties encountered in the study of rare fossils of this 
type ; for, since such fossils usually turn up singly, and often at intervals of 
several years, each one is made the subject of intensive study without the 
advantage of adequate material for comparison. Consequently, the anthro- 
pologist tends to exaggerate in his own mind the significance of small structural 
differences which, after all, may be merely an expression of interspecific or 
even of individual variation. This now appears to be certainly the case with 
Pithecanthropus and Sinanthropus, for, since the initial discovery of the type 
specimens, the remains of a number of other individuals have been found 
which emphasise the wide range of variation in both groups. Indeed, the 
overlap in variation between the two is quite considerable, and it is clearly 
desirable that they should both be included, for purposes of classification, in 
the one genus, Pithecanthropus. The range of variation among members of 
this group may be illustrated by reference to the cranial capacity of adults, 
which varies from 750 c.c. to 1,200 c.c. Now such a range of variation in 
the small number of individuals which have been found is very remarkable, 
for in so ancient a type of Man it can hardly be attributed to the effects of 
extensive intermixture. The knowledge that this variability does occur should 
therefore guard anthropologists against making too hasty assumptions on the 
basis of the study of isolated specimens.® 

6 The variability manifested by these early representatives of the Hominide serves to 
emphasise the fact that the range of genetic variation in Man is quite exceptional in contrast 
with lower animals. In other words, Man is distinguished physically from other mammals 
not only by the possession of certain general anatomical characters, but also by the degree of 
variability which they show. The extent to which these genetic characters can be modified 
by environmental influences is also a distinctive feature of Man. This variability undoubtedly 
has far-reaching implications in the study of all branches of anthropological science. It 
seems certain, for example, that it has been an important factor in the evolution of human 
society, for it allowed a wide range in the development of individual abilities, and also pro 
vided for the considerable plasticity which is a pre-requisite for the building up of complex 
types of social organisation. If it is to be supposed that the evolutionary emergence of Man 
was accompanied by the development of any new biological phenomenon, it is in the degree 
of human variability that such a phenomenon must be sought. 
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A remarkable feature of the Pithecanthropus group is that while the skull, 
brain, and dentition showed many primitive and simian traits, the limb-bones 
were quite similar in every respect to those of Homo sapiens. It therefore 
appears that these early types of mankind had, by the beginning of the 
Pleistocene, already acquired the shapely limbs of modern Man. This 
observation obviously has an important bearing on the problem of human 
antiquity, for it demonstrates that if at such an early geological date the 
contrast which exists to-day between the limb-structure of Man and that of 
the anthropoid apes had already been achieved, the point in geological time 
when the former diverged from the latter must have been correspondingly 
more remote. 

The validity of skeletal evidence in the study of human evolution—Let us now 
consider the precise nature and extent of the information regarding the path 
of human evolution which can be gained from the study of the fossil remains 
of an extinct type of mankind. Actually, the information is usually rather 
limited, at least in so far as the study is confined to single, isolated specimens, 
in contrast to an extensive paleontological series. Certainly it is more limited 
than some anthropologists would probably be prepared to admit. The physical 
anthropologist will first compare, detail by detail, the skull, teeth and other 


_ skeletal elements of his fossil with those of modern Man and with those of the 
: anthropoid apes. He can then define the degree to which the fossil type 
' preserves primitive and simian characters, and he can in some measure assess 


its evolutionary status by noting how far it shows a structural approximation 
to Homo sapiens. The question now arises, how far is it possible on purely 


- morphological grounds to assert that a human fossil type is an aberrant side- 


line of evolution, and not rather a representative of a stock which has an 
ancestral relationship to Homo sapiens? Undoubtedly, a decision on a problem 
of this sort is extremely difficult. In an attempt to arrive at such a decision, 
the anthropologist must take into account the anatomical characters of modern 
Man, and the manner in which they have come to be variously modified ; 
he must then do the same for Man’s nearest relations, the anthropoid apes ; 
finally, he must have in mind a general conception of the trend of evolutionary 
development, that is, from the generalised to the specialised. He can then 
proceed to hypothecate a common ancestor or prototype from which it is 
readily comprehensible that the diverse modifications of the existing Homi- 
noidea could have been derived. On the basis of such reasoning, it is 
legitimate to infer that this common ancestor resembled the modern anthropoid 
apes in many of its general features. On the other hand it presumably showed 
none of the specialised characters which the anthropoid apes have evidently 
acquired since. Therefore, in so far as any fossil human type exhibits 
characters intermediate in their development between the hypothetical proto- 
type and modern Man, it may be regarded as bearing an ancestral relation 
to him: but in so far as it shows specialised characters which have been 
avoided by modern Man, it must be regarded as an aberrant offshoot from 
the main evolutionary line. 

In the absence of a fairly comprehensive fossil record, however, it is rarely 
possible to arrive at a certain conclusion of this kiad, for though the law of 
irreversibility of evolution may be valid in regard to positive reversals, negative 
reversals are by no means unknown. That is to say, a specialised character 
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which has been acquired during evolutionary development may be subse- 
quently lost again. Nevertheless, it is legitimate for the anthropologist to 
make general inferences on purely morphological evidence, even if these must 
await final corroboration from other paleontological data. By way of illustra- 
tion, we may refer to the position of Neanderthal Man in human evolution. 

There are several features in which the classical examples of Neanderthal 
Man (of later Mousterian date) appear more specialised than modern Man, 
and it is for this reason that many anthropologists have for some time held the 
opinion that this extreme type can have no place in the direct line of descent 
of Homo sapiens. For example, there are the excessive development of the 
brow-ridges, the peculiar conformation of the molar teeth with their enlarged 
pulp-cavities and their fused roots, and many characters of the limb-bones. In 
this particular instance, such inferences (based on indirect morphological 
evidence) have been confirmed by other paleontological evidence, for we now 
know that pre-Mousterian Man was much less ‘ Neanderthaloid’ than the 
later Mousterian types, and more akin in general characters to Homo sapiens. 
It therefore seems certain that modern Man was derived, not from the extreme 
Neanderthals of later Mousterian, but from more generalised types of earlier 
date. 

It is necessary to emphasise again that the precise position of an extinct 
type of Man in human phyilogenesis can ultimately only be settled by the 
accumulation of sufficient paleontological evidence, with a sufficient number of 
well-dated fossil specimens which can be arranged in a graded series. It is 
also desirable, in dealing with a single fossil skull, to draw continual attention 
to the dangers of ignoring the possible range of individual variation, and also 
(perhaps still more important) of ignoring the extraordinary range of variation 
in quite modern types of Man. There is no doubt that some anthropologists 
in the past have been led to wholly erroneous conclusions on the basis of such 
an elementary fallacy. For example, small aberrations in the suture pattern 
in certain fossil skulls have been held to indicate a divergent line of human 
evolution simply kecause they do not conform with the usual pattern found in 
modern Man. Yet precisely similar aberrations may be found in a small per- 
centage of modern human skulls. The intensive study of single human fossils 
has also led anthropologists sometimes to discover metrical characters which are 
presumed to be quite unique simply because no account has been taken of the 
range of variation in modern Man. Fortunately, the accumulation of bio- 
metric data referring to skeletal variation in modern Man has now provided 
adequate comparative material, and this in future should limit the possibility 
of ex cathedra pronouncements on the significance of a single human fossil being 
made, where these pronouncements are not supported by objective evidence. 

The validity of the evidence of endocranial casts—The study of endocranial casts 
has rightly come to be regarded as a very important item in the examination 
of fossil skulls. There is much to be learnt from them regarding the size, 
shape and proportions of the brain, and valuable information may also be 
gained about the pattern of the meningeal vessels and even of some of the 
surface features of the cerebral hemispheres. Unfortunately, however, this 
information is somewhat more limited than many anthropologists suppose. 
The convolutional pattern of the brain does not impress itself on the bones of 
the human or anthropoid-ape skull with the clarity found in many lower 
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mammals, and many surface irregularities of a human endocranial cast are 
caused by quite other factors. The interpretation of some of these irregulari- 
ties has in many instances depended on the personal attitude of the observer 
rather than on satisfactory objective evidence. This fact was pointed out 
many years ago by Symington,’ and in a recent paper § it has been shown in 
chimpanzees, by a comparison of endocranial casts with the actual correspond- 
ing brains, how difficult or even impossible it may be to infer the convolutional 
pattern from the cast. 

Let us refer to one feature on which considerable emphasis has been laid 
from time to time—the so-called ‘ simian sulcus’ of the brain. This sulcus, 
which is found in the occipital lobe, is highly characteristic of the brain of 
anthropoid apes. In Homo sapiens, on the other hand, it is usually quite 
vestigial, though (especially in the brains of primitive races) it may sometimes 
be well developed and there seems no doubt that somewhere in the ancestry 
of Man it must have been a normal feature of the brain. Certain grooves on 
the endocranial casts of fossil types of Man have been accepted by many 
anthropologists as the impressions of a real simian sulcus, the inference being 
that in this respect the brain approached that of the anthropoid apes. !t 
may be said at once that such grooves may not in all cases be related to cerebral 
sulci at all. Apart from this source of error, however, it was pointed out by 
the late Sir Grafton Elliot Smith ® that in modern human brains a sulcus may 
on occasion be developed in the occipital lobe which appears superficially to 
be identical with a simian sulcus, but which dissection shows to be really another 
and more recently developed sulcus situated anteriorly to it. Now, if it is 
impossible in such cases to identify with certainty a simian sulcus in an actual 
brain, it is obvious that to attempt to do so with only an endocranial cast for 
evidence is hazardous in the extreme. 

It must be frankly admitted that the identification of individual sulci and 
convolutions on endocranial casts is in most cases not a practical proposition. 
An exception, however, is sometimes found in the lower and front parts of the 
frontal lobes, and also in the lower part of the temporal lobe. Here the con- 
volutional pattern may be reproduced fairly distinctly, and even if the 
impressions of the sulci do not permit of the delineation of known cortical 
areas, they at least give some welcome information regarding the degree of 
general complexity of the convolutions in these parts of the cerebral hemi- 
spheres. 

The validity of skeletal evidence in the study of the individual_—Apart from the 
consideration of the evolutionary status of a human fossil, the physical anthro- 
pologist can learn certain details about the individual whose skeletal remains 
he is studying. For example, he can estimate the height with a fair degree of 
accuracy if the long bones of the lower limb are preserved ; he can assess its 
approximate age by referring to the dentition, suture closure, etc. ; he can 
obtain a general idea of the bodily proportions and muscular development ; 
and he can detect the existence of pathological conditions in so far as they 


7 J. Symington, Journ. Anat., L, p. 111 (1916). 

8 W. E. Le Gros Clark, D. M. (alate and S. Zuckerman, ‘ The Endocranial Cast of the 
Chimpanzee,’ Journ. Roy. Anthr. Inst., LX VI, p. 249 (1936). 

® G. Elliot Smith, The Variations in the Folding of the Visual Cortex in Man. Mott Memorial 
Volume, London, 1929. 
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affect the bones and teeth. Such studies have shown us that the earliest 
known types of Man were not the large and strong people so often depicted 
by popular imagination—they were, in fact, by comparison with modern 
Europeans, rather undersized and narrow-shouldered individuals. Of their 
habits of life the skeleton provides little evidence. ‘ Squatting facets’ on the 
tibia and talus may give a hint of the common posture assumed during rest. 
On the other hand, the flattening of the shafts of the femur and tibia (platy- 
meria and platycnemia), which in the past have been associated by some 
anthropologists with activities such as hill-climbing, have now been shown to 
be probably dependent on a nutritional defect.” Contrary to another pre- 
valent conception, also, very little is to be learnt from the anatomy of the 
teeth about the nature of the diet, except that the degree of attrition bears 
some relation to the coarseness of the food. 

The sex of the individual can often be inferred if sufficient of the skeleton 
is available for study—particularly the pelvic bones. Even so, however, such 
a decision may be difficult or impossible. In a study of the Indians of Pecos, 
Hooton 14 records that of 264 skeletons examined independently for sex deter- 
mination by himself and the late Prof. Wingate Todd, agreement was reached 
in only 78 percent. When the skull alone remains, it must be frankly admitted 
that it is actually impossible to say with any certainty whether it is male or 
female, though of course it is possible to draw certain inferences from the 
massiveness of the bones, the muscular markings, the development of the 
supra-orbital ridges and mastoid processes, and the size of the teeth. While it 
is no doubt legitimate to suggest that a certain fossil skull is more /tkely to be 
of one sex than the other, craniology has not yet advanced to the stage which 
allows more than a very tentative suggestion of this kind. Indeed, Hooton 
is clearly right when he says that ‘ every anthropologist, unless he deceives 
himself, must recognise that many of his decisions as to sex are questionable.’ 

It must be admitted that the inferences regarding the living individual, 
which can legitimately be drawn from the study of the skeleton, are less 
extensive than some anthropologists have supposed. We know now, for 
example, that the structure and form of the mandible give no real indication 
regarding the power of articulate speech, that the asymmetry of the skull is 
not related to right- or left-handedness, and that it is not possible to assess 
the intelligence of a normal human individual by reference to the cranial 
capacity. It is unfortunate, also, that the skeleton gives no indication of 
external features such as skin colour, hair colour and hair form, on which so 
much reliance is placed in the differentiation of modern racial types. 


Tue PuysicAL ANTHROPOLOGY OF RACE. 


Mankind to-day is split up into a large number of ethnic groups scattered 
over different geographical areas of the world, and these have been classified, 
on the basis of somatic characters, in a system of primary races and secondary 
races. There is now a general agreement among anthropologists on the 
definition of the main, primary races, for these subdivisions are each character- 
ised by well-marked physical traits which are based on genic differences, and 


10 L. H. Dudley Buxton, ‘ Platymeria and Platycnemia,’ Journ. Anat., LX XIII, p. 31 (1938). 
11 E. A. Hooton, Indians of Pecos. Yale University Press, 1930. 
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many of which are also known to follow the ordinary laws of Mendelian 
inheritance. The classification of the secondary races of mankind, on the other 
hand, is subject to considerable controversy, since it is often difficult or im- 
possible to define them on the basis of clear-cut criteria. There are several 
reasons for this. In the first place, free migrations and intermixture between 
different groups have been so prevalent from the earliest times in human 
history that it now becomes almost impossible to find any pure races left in 
the world. Again, as Huxley has pointed out, Homo sapiens in the later stages 
of his evolution has been subject to what is termed ‘ reticulate’ evolution. 
Whereas differentiation of the various forms of life has usually taken place by 
a process of divergent evolution, new forms may also occasionally arise by the 
hybridisation of two originally distinct varieties. In the reticulate evolution 
of Man, on the other hand, the different ethnic groups have come into existence 
as the result of a complicated process involving periods of divergent modifica- 
tion alternating with periods of intermixture and hybridisation. Probably 
as a result of this complication, Man, in comparison with other animal species, 
shows an extremely wide range of genetic variability. Consequently, the 
distinction between sub-races can usually only be made by a statistical analysis 
of physical traits. This applies particularly to the general body proportions, 
skeletal characters, pigmentation, and serological differences ; and in these 
features even the primary races may show a considerable overlap. 

The validity of taxonomic characters in the study of racial differentiation—The 
question now arises as to what characters should be selected for comparative 
racial studies. Clearly emphasis should be laid primarily on those which are 
known to depend on genic differences—such as the skin pigmentation, eye 
colour, and hair form. Many other physical characters on which reliance is 
often placed are susceptible to environmental influences to a greater or lesser 
degree, and variations due to such causes may obscure fundamental similari- 
ties. Some cranial and facial measurements, for example, and measurements 
of body proportions, are open to such possibilities of error. There is certainly 
evidence that the shape of the skull is inherited according to Mendelian prin- 
ciples, but even this character is susceptible in some degree to nutritional and 
other influences. Again, the nasal index (which forms one of the weapons in 
the armamentarium of the craniologist) has been shown to be correlated with 
climatic conditions. ‘There is little doubt that a considerable amount of work 
requires to be completed on the question of the inheritance of such characters 
before they can be safely used for the study of racial relationships and racial 
origins. 

It is because of the uncertainty of the sort of evidence commonly employed 
in anthropometry that the investigation of blood-groups has recently assumed 
such prominence, for blood-groups have been definitely shown to be related 
to true genic mutations. Moreover, since the variations in blood-groups seem 
to be quite unrelated to external environmental factors (i.e. they are non- 
adaptive characters), they appear to provide ideal criteria for assessing the 
affinities of the various subdivisions of mankind. In fact, the study of blood- 
group distribution has provided a good deal of information regarding racial 
relationships and racial movements ; yet the results have also been rather 
disappointing. There are two possible reasons for this. In the first place 
(as Prof. Gates has pointed out), although blood-groups may in themselves 


st 
U 
r 
e 
} 
e 
e 
| 
r 
e 
e 
t 
e 
r 
| 
| 
) 
J 


64 


have no selective value as regards survival, they may possibly be genetically 
linked to some racial character which is selective. More important, however, 
is the observation that identical blood-groups may appear independently of 
each other in different parts of the world as the result of parallel mutations. 
The work of Gates and others, indeed, has demonstrated that such parallel 
mutations can occur, and may be quite frequent. 

The recognition of parallel mutations in human evolution draws attention 
again to the disturbing factor of parallelism in the problem of assessing affinities. 
There is no doubt that many morphological studies of human races have been 
based on the assumption that structural resemblances always betoken genetic 
affinity, and it is probably true to say that this general thesis is also commonly 
implied in biometric work. We have noted that evolutionary parallelism can 
produce remarkable resemblances in widely different genera of the Primates ; 
it is to be anticipated that in such closely related groups as the different races 
of modern Man it has played at least an equally important rdle. 

The late Dr. Buxton recently drew attention to craniometrical resem- 
blances between certain groups of the Australian native population and certain 
negroid peoples of Central Africa. This might be taken to indicate a real 
affinity, possibly having its origin in a contact of the peoples in the distant past. 
But such an interpretation involves difficulties, whereas these are avoided at 
once if it be accepted that the resemblance is simply an example of the common 
phenomenon of parallelism. This is also the most likely explanation of some 
of the remarkable resemblances which have been noted between pre-Columbian 
skulls from America and those of modern populations in the Old World. 

The study of racial evolution—The determination of the evolutionary differ- 
entiation and the subsequent migrations of human races presents exceptionally 
difficult problems for the physical anthropologist. A good deal may be learnt 
on these matters from the study of modern races and their present geographical 
distribution. Such evidence, however, is bound to be of an indirect nature. 
More direct evidence has to be sought from the study of skeletal remains from 
old burial grounds and prehistoric sites, but this involves the difficulty (which 
is not generally realised) that it is by no means easy, and may often be impos- 
sible, to diagnose a racial type from the study of the skeleton alone. 

The primary races of mankind are distinctive enough in the flesh, but the 
contrast between one and another is unfortunately not reflected to anything 
like the same degree in the bones. Thus, while it may be easy to identify a 
skull of a negro, an Australian aboriginal, or a European, in individual cases 
where the racial characters are exceptionally well marked, the variation within 
the group is in fact so great that skulls of each type may be found which are 
impossible of racial diagnosis. This difficulty may be illustrated by reference to 
the well-known skulls from the paleolithic sites of Grimaldi and Chancelade, 
on the significance of which there has been considerable controversy. 

The Grimaldi skulls have by many anthropologists been held to be quite 
definitely negroid in type, and even now they are commonly accepted as final 
evidence of the existence of a negroid race in Europe during Aurignacian times. 
Yet the late Sir Grafton Elliot Smith, from a study of the actual remains, 


12 L. H. Dudley Buxton, ‘ The “ Australoid ” and “‘ Negroid ” Races,’ Anthropos., XXX, 
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pronounced categorically that they show no real evidence of negroid affinities, 
but are simply variants of the Mediterranean race which now inhabits Southern 
Europe. The Chancelade skull, of Magdalenian age, was stated by the famous 
anatomist, Testut, to be that of an Eskimo, and this diagnosis has also been 
accepted by many reputable anthropologists. This conclusion, again, has 
been vigorously denied by equally distinguished anthropologists who maintain 
that it is but a variant of the Cromagnon type of Homo sapiens. Now, it is 
probable that there are no racial types in which the skull characters are more 
distinctive than in Negroes and Eskimos, and yet experts fail to agree when 
faced with skulls whose claims to these types are in question. Ifa decision 
proves so difficult in such cases, it will be realised how much more difficult, 
or even impossible, it will be to identify by their skeletal remains races with 
less distinctive characters. 

If there are difficulties in the identification of the skeletal remains of the 
fully differentiated racial types of to-day, these are very much enhanced when 
attempts are made to detect corresponding racial differences in prehistoric 
remains in which the characteristic racial traits were much less developed. 
Yet it is argued by some anthropologists, on the basis of such ancient fossils, 
that the primary races of mankind had already begun their divergent 
differentiation as far back as the beginning of Pleistocene times. While there 
is no inherent improbability in such a thesis, the anatomical evidence on which 
it is based remains entirely inadequate. ‘The shape of the incisor teeth and 
the presence of exostoses along the alveolar margin of the mandible, for 
example, are not sufficient to justify the conclusion that Pekin Man was the 
forerunner of the Mongolian races to the exclusion of other racial types. There 
is likewise no distinctive character in the Rhodesian skull which permits the 
assumption that Homo rhodestensis was a proto-negroid (even though, in some 
continental museums, restorations of this fossil man are provided with typical 
negroid features and hair of the usual negroid type). 

The limitations of craniology—The difficulties to which we have referred 
raise the whole question of the limitations of craniology in the study of racial 
problems. The wide range of variation in the anatomical characters of the 
skulls of even a relatively homogeneous population has led to the extensive 
development of statistical methods for their analysis. Biometricians have 
perfected the technique of measuring skulls and have also elaborated a number 
of indices and formule for recording metrical differences and degrees of 
metrical variation. It was at one time hoped that, given a sufficient amount 
of material, it might be possible by such methods not only to differentiate one 
racial type from another, but also to assess their mutual relationships. The 
results of such studies have not, on the whole, been commensurate with the 
immense labour involved, and it is probably true to say that our knowledge 
of the affinities and origins of the different races of mankind has advanced 
but slowly since the introduction of modern methods of craniometrical analysis. 
Inconclusive results of investigations such as these are perhaps to be anticipated 
if consideration is given to the fact that the range of genetic variation in Man 
is probably unique among animals, that the degree of miscegenation in human 
populations has been very extensive over almost every part of the world from 
great antiquity, that all the characters of the bony skull, even if they have 


a genetic basis, are at least to some degree susceptible to environmental 
E 


‘ 
y 
) 
t 
] 

| 

| 


66 


influences, and that it is by no means easy to collect sufficient well-preserved 
and properly documented skeletal material for statistical study. 

In a recent critique Prof. R. A. Fisher has discussed in some detail the 
limitations of craniometrical methods, and it is impossible to ignore his general 
conclusions. Prof. Fisher has pointed out the limitations of the ‘ coefficient 
of racial likeness’ in +: «pplication to ethnographic problems, and has also 
emphasised the misv. tandings to which its application has sometimes 
led. He argues very couvuicingly that physical anthropologists might more 
profitably direct their attention to living populations rather than to dry bones. 
He emphasises that the variations produced by fleshy tissues are small com- 
pared with the metrical differences between individuals, so that the average 
of any measurement taken on the living from a sample of fifty or a hundred 
has practically the same precision as the corresponding measurement of the 
skull ; that in the study of the living, the sex, blood-relationships, nationality, 
language, religion, and social status are known; and that all the material 
which can be required is already there, available for the physical anthro- 
pologist who chooses to take advantage of it rather than to wait for the 
accidental discovery of some ancient cemetery which may provide him with 
material which is usually rather unsatisfactory and inadequate. 


Tue Future oF PuysicAL ANTHROPOLOGY. 


The brief review which has been given of the rdle of physical anthropology 
in the investigation of racial problems has served to indicate some of the 
limitations which are imposed upon it by the nature of the material with 
which it deals. The study of human paleontology will of course continue so 
long as fresh fossil material is brought to light either by accidental discovery 
or by systematic excavation. As the fossil record becomes more complete, 
it will without doubt be possible ultimately to construct an accurately dated 
paleontological series which will allow the course of human evolution to be 
followed with some precision. The paleontologist only needs to exercise 
patience until the evidence he requires is put before him. 

Apart from paleontology, however, it may be doubted whether physical 
anthropology as an historical science is likely to advance our knowledge of 
racial origins and racial differentiation very much beyond its present state 
with the techniques now available. As already noted, the reasons for this 
somewhat pessimistic prognosis include the difficulty of acquiring adequate 
skeletal material from which the racial composition of populations in the 
past can be inferred ; the frequent impossibility of identifying racial types by 
the examination of skeletal material only ; the fallacy which may be involved 
in the assumption that certain craniometrical similarities necessarily indicate 
a true genetic affinity ; and the difficulty of eliminating the effects of environ- 
mental influences in modifying physical characters which otherwise have a 
genetic basis. 

In spite of these great technical difficulties, it is certainly desirable that 
biometric methods should continue to be applied to material which is available, 
if only to complete a base-line of knowledge from which further advances in 


14 R. A. Fisher, ‘ The Coefficient of Racial Likeness and the Future of Craniometry,’ Journ. 
Roy. Anthr. Inst., LX VI, p. 57 (1936). 
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physical anthropology may be made in other directions. It is important, 
however, that physical anthropologists should be fully aware of the limitations 
imposed upon them by the nature of their material, and that they should have 
a clear idea of the sort of knowledge which it is possible to acquire by the 
application of their methods. A very valuable aspect of the study of present 
and past populations from the historical point of view by the rigid application 
of biometric technique is that it permits the testing of the popular conceptions 
so commonly held to-day regarding the equivalence of race and nationality. 
No one will doubt the need for the clarification of such ideas. The physical 
anthropologist, indeed, has an important duty to fulfil in the discussion of 
modern social problems, by providing objective evidence to show whether 
there is any truth at all in the tenet that ‘ nation’ and ‘ race’ in Europe are in 
any instance comparable terms. Such studies as have been made on this 
question have hitherto led in general to negative results. Most anthropologists 
will agree that the nations of the political world to-day are the product of the 
fusion of a number of heterogeneous racial components, and that they each 
maintain a coherence, not by virtue of blood-relationship, but because of 
common language, customs, traditions and education. Statistical surveys of 
characters such as hair and eye colour, head shape, blood-grouping, and so 
forth, have demonstrated that their distribution bears no close relation to 
political boundaries. 

We have now to consider along what lines physical anthropology is likely 
to show its main advance in the future. Broadly speaking, it may be suggested 
that its research will be almost entirely directed to the study of living popula- 
tions, particularly in regard to problems of human genetics, the relation of 
physical characters to the environment, the study of growth processes, and the 
study of comparative racial physiology. In other words, the physical anthro- 
pologist, if he is to justify his subject as a separate scientific discipline with its 
own special problems and its own technical methods, must be primarily a 
field-worker. Many biological sciences have passed or are now passing 
through what may be termed the ‘museum stage’ of their development. 
This stage involves the collection of material in the laboratory, its detailed 
examination and classification, and the interpretation of the facts which it 
presents in the form of general hypotheses. Such studies (which are, of course, 
essential preliminaries) must later give way to experimental methods and to 
direct observation in the field, for this is the only way in which general hypo- 
theses can ultimately be confirmed and established. The science of physical 
anthropology is passing through similar phases. To complete its natural 
metamorphosis, it should now be emerging from the museum stage and 
ee along experimental lines or along the lines of observation in the 

eld. 

In so far as history can be said to provide a basis for prognostication, 
physical anthropology as an historical science has a considerable practical 
significance. The study of the bodily changes which Man has undergone in 
the past gives a clue to the nature and extent of the changes which may be 
anticipated in the future. But what is far more important for the same purpose 
1s the study of Man as he is to-day. Sociological problems are becoming more 
and more forced-on our attention which demand for their solution a conscious 
control of processes which have hitherto been left to chance. The improve- 
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ment of health and physique and their relation to nutritional and climatic 
factors, the effects on physical type of the redistribution of the populations of 
the world, the results of the hybridisation of different racial types, the relation 
of changes in the reproductive rate to human variability and the composition 
of regional populations, all these are practical problems which can be ap- 
proached systematically and scientifically only if we have adequate data 
regarding the physical nature of Man in the conditions under which he now 
lives. It is remarkable that we still lack this essential knowledge. In our own 
country, for example, we have no proper records which show the variability 
of different sections of the population living under different nutritional con- 
ditions and in different environments. Still less have we any real knowledge 
of the potentialities for growth and development of native populations living 
under optimal conditions of nutrition and hygiene. Yet a study of the normal 
variability of Man to-day, and of his bodily reactions to environmental influ- 
ences, must clearly be a necessary basis for any assessment of changes which are 
to be anticipated in the future. Let us note briefly the lines along which 
physical anthropologists may most profitably seek for this information. 

Human genetics —The study of human genetics offers practical problems of 
considerable urgency, for no one doubts that the mode of transmission of 
hereditary defects, which may be manifested in structural abnormalities, 
metabolic disorders, or susceptibility to diseases of one kind or another, should 
be elucidated in all possible detail. The problems of human heredity form the 
basis of the whole science and practice of eugenics, and the eugenist requires 
to have all the data of human heredity at his disposal if he is to exert any 
conscious control over the destiny of mankind in the future. It is already 
well known that certain physical characters owe their origin to. simple gene 
differences, and their mode of inheritance is easy to follow on ordinary Men- 
delian principles. It is also known that other characters have a much more 
complicated heredity, for they are dependent on the interaction of multiple 
genes. Such are stature and skin pigmentation. For the purpose of practical 
eugenics, it is necessary that all those mental and physical characters of Man 
which are judged to be significant for human welfare should be fully analysed 
to determine, in the first place, whether they have a genetic basis at all, and, 
secondly, what may be the nature of the genetic differences on which contrast- 
ing characters depend. Only on the basis of such knowledge is it possible to 
foresee what may be the effects of selection applied to such characters. 

The field of human genetics offers unusual opportunities to the physical 
anthropologist for applying his own particular methods of enquiry, for the 
reason that the study of heredity in Man cannot be pursued by the direct 
experimental methods employed for the study of animal genetics. Statistical 
methods are necessary for determining the frequency and distribution of the 
characters under investigation ; different groups of the population must be 
studied under different conditions ; pedigrees require to be followed and 
analysed (a field of work sometimes spoken of as ‘ family anthropology ’), and 
advantage must be taken of the opportunities offered by the phenomenon 0 
twinning. 

Apart from the practical significance of human genetics in relation to the 
health and progress of mankind, this study has also a direct relation to the 
more academic problems of the anthropologist. Physical anthropologists 
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have on several occasions been criticised for employing as criteria in their 
studies of racial affinities physical characters whose genetic basis is unknown. 
No doubt such criticism is often justified, for it is clear that only those 
characters which are the expression of genic differences have any validity in 
taxonomic problems. There is evidence that the shape of the head is certainly 
in part determined by heredity, but there is also evidence that it can be 
modified by post-natal influences. Similarly, it is well recognised that the 
height of an individual is closely correlated with nutrition, but it is known that 
it also depends partly on heredity. The relative importance of genetic and 
environmental factors must ultimately be determined for all such characters 
as these. 

The question of the possible linkage of phenotypic characters is another 
problem of human genetics which demands intensive investigation, since this 
phenomenon may permit the recognition of latent defects in cases where they 
are linked with a physical trait detectable by superficial observation or appro- 
priate measurement. The possible relation of physique to susceptibility to 
disease is particularly important. It is commonly supposed that a relation of 
this kind does in fact exist. Physical types, such as those termed ‘ asthenic,’ 
‘ pyknic,’ and ‘ athletic,’ have been defined, each with their particular advan- 
tages and weaknesses, but, so far, the evidence in favour of such a sharp classi- 
fication is equivocal, and the same doubt still applies to the supposition that 
certain racial types are particularly susceptible to infections of one kind or 
another. For example, there is a current belief that the Negro, as the result 
of an inherited predisposition, is specially liable to tuberculosis, and that 
certain types of racial miscegenation likewise lower the resistance to such 
diseases. Yet in a recent and careful survey by Williams and Applewhite, 
the conclusion is reached that there is little if any difference between the 
White and the Negro in resistance to tuberculosis (given equal opportunities 
for medical treatment), nor do miscegenetic types of the Negro really show a 
greater incidence of tuberculosis. 

The possibility of a genetic linkage of characters also raises the question 
how far inherited physical traits may be related to an inherited mental dis- 
position. It is common enough, in text-books on anthropology, to find different 
varieties of temperament assigned to different racial types. For instance, it 
is stated in a recent comprehensive work on human heredity 1° (by Dr. Lenz, 
professor of racial hygiene in the University of Munich) that the Mediterranean 
race (of which, in Europe, the southern Italians are perhaps the best repre- 
sentatives) is volatile and frivolous in temperament, has less sense of truth and 
honour than the Nordic, and, in respect of rational endowment and character, 
occupies an intermediate position between the Nordic and the Negro. The 
Nordic race, on the other hand, is supposed to be endowed with creative 
energy, with a vigorous imagination, high intelligence, and an unusual degree 
of self-control. 

In spite of statements such as these, the evidence for their truth is re- 
markably unsatisfactory, and certainly a great deal of careful work must be 


® G. D. Williams and J. D. Applewhite, ‘ Tuberculosis in the Negroes of Georgia,’ Amer. 
Journ. of Hygiene, XXIX, No. 2, p. 61 (1939). 

16 E. Baur, E. Fischer and F. Lenz, Human Heredity. George Allen & Unwin, Ltd., 
London, 1931. 


| 
| 
| 


70 


accomplished before they can be accepted. Some years ago, a pamphlet by 


Prof. Zollschan was published in which questions were raised regarding the ~ 


significance of the racial factor as a basis in cultural development. These 
questions still await answers based on satisfactory evidence. 

A problem of a similar kind concerns the so-called ‘criminal type.’ 
Evidence for the existence of a ‘ criminal type’ has been sought by anthro- 
pologists, the suggestion being that inherent criminal tendencies may be 
associated with specific physical traits. For many years now this conception 
has been abandoned. Lately, however, it has once more been resuscitated, 
and the statement has been made that it is possible to recognise slight statistical 
differences between the criminal and non-criminal sections of the same popula- 
tions. Whether this conclusion will ultimately withstand the scrutiny of 
critical statisticians remains to be seen. It is obviously an extremely difficult 
matter to eliminate irrelevant factors in an investigation of this kind, and in 
any case the statistical differences which have been reported appear to be so 
small as almost to be negligible for practical purposes. The demonstration 
of a ‘ criminal type,’ however, even if this can only be accomplished statistically, 
is important in so far as it suggests the possibility that criminal tendencies 
may depend on genetic factors. Such a conclusion is in fact indicated by the 
study of identical twins, for it has already been found that criminal tendencies 
in one of a pair is accompanied in a relatively high proportion of cases by 
similar tendencies in the other. 

Physique and nutrition—The problems of human genetics and the supposed 
association of mental traits with demonstrable physical characters are com- 
plicated by the growing recognition during recent years that nutrition plays 
a highly important part in determining the physical variations seen in different 
races and in different individuals. It is unnecessary to state that a broad 
relation between nutrition and physique has always been accepted by anthro- 
pologists. Stature, weight, chest-dimensions, and so forth, can all be corre- 
lated with nutrition. But the suggestion is now put forward by competent 
dieticians that the effects of malnutrition may be much more extensive, not 
only as causal agents underlying many types of variation in physical characters, 
but also in determining susceptibility to different types of infection. If this is 
true (as it undoubtedly appears to be) it clearly demands the serious attention 
of physical anthropologists. 

The relation of different racial types of physique to diet was first demon- 
strated by the experimental work of Sir Robert McCarrison.!”_ Working among 
the native races of India, he observed that there appears to be a definite 
correlation between physical type and the presence or absence of certain 
food factors in the diet to which each race is accustomed. In order to test 
this observation he carried out a series of experiments in which different 
groups of white rats were fed on equivalent diets, and he found that, in their 
growth, physique and general health, each group of rats paralleled quite closely 
the corresponding racial types. This pioneer work has led to a great deal of 
important research along similar lines, both among native populations in the 
colonies and in the population of this country, and it has opened up practical 
issues of considerable importance. 


17 R. McCarrison; ‘ Nutrition and National Health,’ Cantor Lectures, Royal Society of 
Arts, Adelphi, London, 1936. 
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In this country, indeed, evidence has been put forward which suggests 
that malnutrition may be far more extensive in the lower economic levels of 
society than has hitherto been suspected. Clinical and anthropometric com- 
parisons of the children of relatively wealthy parents with those of poor parents 
have demonstrated a marked contrast in physique, general health, and sus- 
ceptibility to infections. There is evidence, for instance, that the infantile 
mortality from respiratory infections is considerably higher in the poor districts 
of large towns than in the residential areas of the richer sections of the popula- 
tion, and there is also evidence that the predisposition to respiratory infections 
is related to undernourishment. Moreover, direct experiments (although of a 
limited nature) have been carried out on human material in which the effects 
of different diets on growing children have been recorded. Perhaps the best 
known example of such an experiment is that carried out by Corry Mann ¥* 
on a village colony for boys. He found that, in a group of boys who received 
additional milk in their daily diet, the average height increase over a period of 
two years was over 1} inches more than that in a group fed on a basic diet only. 

It will not be doubted that, if there is indeed widespread malnutrition, it is 
a matter of national interest that it should be corrected as soon as possible. 
But an essential preliminary to any large-scale plan of action is to collect 
precise information regarding the extent, distribution, and degree of under- 
nourishment. Here is a problem in the solution of which the physical anthro- 
pologist should play a predominant part. He has at least the experience and 
technique which will enable him to seek an answer to one of the most urgent 
preliminary questions—by what somatometric method which is both reliable 
and convenient of application is it possible to assess nutritional status ? 

It is perhaps a matter for surprise that in this country we still have no 
adequate standard of what may properly be called normal physique, as a basis 
for comparison when seeking for evidence of malnutrition. This is partly due 
to the fact that available anthropometric data apply to mixed populations 
from different parts of the country in which no attempt has been made by 
careful clinical examination to eliminate those individuals who may be under- 
nourished, or otherwise unfit physically. It is also a fact that the physical 
standard is by no means fixed and unchanging. ‘There is evidence, for example, 
that the average height of the population, not only in this country but else- 
where, is rising rather rapidly, and it has been recently estimated that this 
increase may be as much as one centimetre in every 12} years. It is possible 
that this increase is directly referable to improved nutrition, though there are 
some reasons for supposing that this explanation may not be completely ade- 
quate. It remains conceivable that it may possibly represent a definite ortho- 
genetic trend in human evolution which is manifesting itself in statistical 
analysis.?° 

In order to obtain a basic standard of physique (or series of standards) for 
comparative studies, it is in the first place necessary to carry out a complete 


18 H. C. Corry Mann, ‘ Diets for Boys during School Age,’ Med. Research Council Report, 
1926. 

19 G. T. Bowles, New Types of Old Americans at Harvard. Harvard University Press, 1932. 

20 The change in stature will undoubtedly be reflected in other somatic measurements. 
— there is known to be a correlation between the length of the head and the height of the 
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survey of the country by the systematic examination of samples of the popula- 
tion from different districts. Such a survey would require the close collabora- 
tion of physical anthropologists with clinicians, Medical Officers of Health, 
dieticians, and social workers, in order to attempt a correlation between 
physical development and the normal healthy condition of body and mind, 
and, if possible, to relate this also to the social conditions of life. In fact, an 
attempt should be made to extend the health surveys which have been recently 
carried out in this and a number of other countries, the aim of which has been 
to correlate also the clinical assessment of nutritional status with anthropo- 
metric observations. 

On the basis of such an investigation it may eventually be possible to 
find some relatively simple formula by reference to which the nutritional 
status of any local section of the population can be rapidly and easily assessed. 
At least, it can be said that without some method of this sort it will hardly be 
possible to remedy the malnutrition which is believed by some authorities to 
be even now causing serious damage to the health of our population. 

In a recent publication Prof. Bigwood (of the University of Brussels) has 
summarised the various somatometric indices which have from time to time 
been contrived as a basis for the assessment of nutritional status.24_ Examples 


of these are RGhrer’s index, in which the state of nutrition = Bk when 
P is the weight in grammes and H is the height in centimetres ; von Pirquet’s 
index, Weight 10 

Sitting Height 
ratio falls below 0-945 ; or Franzen’s A.C.H. index, which takes account of 
the arm girth, chest depth, and hip width. All these indices have been 
subjected to criticism, either because they require trained observers to make 
the necessary measurements, or because the indices in each case require to 
be carefully interpreted with discernment. Yet it becomes apparent from 
a consideration of the work which has been already completed on their applica- 
tion that they can yield information of practical value in regard to different 
groups of the population, even if their application to individual cases is not 
feasible. Even in regard to individuals, however, these somatometric indices 
are likely to be of considerable practical use if they are applied at intervals 
during the growth stage in the periodical examination of children, for they 
may give a clear indication of improvement or otherwise in nutritional status. 
It is rather a matter now of deciding which index is likely to prove the most 
useful, and whether it requires any modification in its application to the 
different sections of the population of this country. 

The A.C.H. index ” seems at first sight to offer considerable possibilities, 
since it was devised to take account of the general build of the individual and 
to eliminate errors due to the normal variations in the weight-height-age 
ratio. The authors of this index recommend that, for general purposes, the 
scale should be set so that approximately 10 per cent. of any sample group 


, in which nutrition is assessed as inadequate when the 


21 E. J. Bigwood, ‘ Guiding Principles for Studies on the Nutrition of Populations,’ League 
of Nations Technical Commission on Nutrition. Geneva, 1939. 

22 R. Franzen and G. T. Palmer, ‘ The A.C.H. Index of Nutritional Status,’ American 
Child Health Association, New York, 1934. See also R. Franzen, ‘ Physical Measures of 
Growth and Nutrition,’ American Child Health Association, New York, 1929. 
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are selected. They claim that, in their experience, about 60 per cent. of 
such a selection are cases of extreme physical defects, and over 80 per cent. 
either extreme defects or bordering on extreme defects. They claim, also, 
that even if the application of the index misses some defective individuals, it 
is yet more effective than the more commonly used weight for height and age 
method. Indeed, it is stated that, while the A.C.H. index selects three-fifths of 
badly defective children, the weight-height-age ratio only selects about one-fifth. 

In a recent statistical study of the health and physique of school-children 
in this country by Huws Jones,”* rather different results have been obtained. 
This investigator concludes that indices involving chest and hip measurements 
do not show any particular advantages over those based on weight and height 
alone in selecting children who are judged clinically to be under-nourished. 
For the assessment of nutritional status he prefers to use Tuxford’s index, 
that is (Wt/Ht) x (381 — age in months)/54. This index gives a ‘ nutrition 
quotient’ which is about 1,000 for average children. One of the most 
interesting points arising from this study is the question of the validity of 
clinical methods of assessing nutrition, for it is shown that different physicians 
may disagree considerably in their estimate of the physique of the same 
children, and the same physician may also show considerable variation in his 
estimate of the same children examined at different times. In regard to the 
Tuxford index, Huws Jones concludes that ‘ on the average, the experienced 
School Medical Officer picks out two-thirds, and the index three-quarters, of 
the boys assessed subnormal by two or more doctors. For this purpose, no 
doctor is greatly superior to the index, but the index is twice as effective as 
some doctors.’ 

It appears from these results that, if we are to obtain a really adequate 
somatometric index of malnutrition, some method of nutritional assessment 
more objective than clinical observation must be employed with which to 
equate physical measurements. A number of physiological tests have been 
suggested for this purpose. For example, in the case of Vitamin A it is possible 
to detect latent hypovitaminosis by testing for delay in the dark-adaptation of 
the retina; Vitamin C deficiency may be detected by urine analysis or by 
testing the fragility of the blood-capillaries ; or Vitamin D deficiency by 
estimating the phosphatase content of the blood. Similarly, a deficiency of 
iron may reflect itself in slight degrees of anemia which can be detected by 
estimating the hemoglobin concentration of the blood. Other tests which 
demand consideration include the dynamometric estimate of muscular strength 
and fatiguability, estimates of vital capacity, the radiographic examination of 
bone-growth, and so forth. 

It cannot be doubted that a great deal of research requires to be completed 
before the problem of assessing nutritional status is finally solved, nor is there 
any need to emphasise further the importance of finding some practicable 
formula by which such an assessment can be made. The whole problem is 
considerably complicated by the fact that in a population such as we have in 
this country the intermixture of racial elements introduces a physical varia- 
bility which may in some cases tend to obscure variations related to malnutri- 
tion. This is one of the reasons for urging that physical anthropologists should 


*3 R. Huws Jones, ‘ Physical Indices and Clinical Assessments of the Nutrition of School 
Children,’ Journ. Roy. Statist. Soc., C1, Part I (1938). 
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take part in a general survey of the physique of this country with a view to 
establishing a sound basis for comparative nutritional studies. Physical 
standards will naturally vary from one part of the country to another in relation 
to the predominance of different racial elements, and it will no doubt be ulti- 
mately necessary to establish regional standards in the application of the 
somatometric index which is judged by experience to be the most reliable. 

Observations on the relation of nutrition to physique, capacity for work, 
and susceptibility to disease are also waiting to be carried out among native 
peoples in many parts of the world. Some excellent work along these lines 
has been started in India, Africa, and also in China, where information has 
been collected regarding the composition of the diet of different sections of the 
native population.% Here the field anthropologist must necessarily give his 
aid, since he is in the best position to obtain a detailed record of the food 
elements of the diet which are ordinarily obtainable at different seasons, to 
study the local customs in the preparation of the food for consumption, and also 
to collect samples of the various foodstuffs for analytical study by the biochemist. 
It has already become evident from such observations that in some cases the 
native diet is hopelessly deficient in certain essential food elements which are 
necessary for the development of a normal physique and for the maintenance 
of health. The elucidation of such defects in the diet must surely in the future 
be a powerful factor for success in colonial administration. 

To carry out nutritional surveys in native populations, the physical anthro- 
pologist will also require to examine the somatometric indices which have been 
worked out by reference to European peoples, for they will probably need 
modification to adapt them to different types. Such a study has already been 
made (for example) on the Chinese by Stevenson, in the application of von 
Pirquet’s index, and as a result it has been shown that while an index value 
of 95 is the average mean for most occidental groups, a value of 90 more nearly 
approaches the racial norm for the Chinese. 

The fields of research to which we have drawn attention serve once more 
to emphasise the fact that the physical anthropologist of the future must be 
essentially a field-worker if he is going to develop his subject along progressive 
lines. He must also be a man of sound biological training if he is to acquire 
a real insight into the problems which are set for him. Some of these problems 
have a very intimate relation to human happiness and human suffering, and 
their investigation is a matter of urgency. It is opportune, therefore, that the 


*4 See, for example, J. B. Orr and J. L. Gilks, ‘The Physique of Two African Tribes,’ Med. 
Res. Council., H.M. Stationery Office, 1931. 

R. Firth, ‘ The Sociological Study of Native Diet,’ Africa, VII (1934). 

A. I. Richards and E. M. Widdowson, ‘ A Dietary Study of Native Diet,’ Africa, IX (1936). 

L. Nicholls, ‘ A Nutritional Survey of the Poorer Classes of Ceylon,’ Ceylon Journ. Sci., 
Section D, IV, p. 1 (1936). 

W. R. Aykroyd, ‘ The Nutrition Value of Indian Foods,’ Health Bull. No. 23, Government 
of India Press, 1937. 

D. Das Mitra, ‘ A Study of the Diet of the Bengali Hindus,’ Indian Med. Gaz., LX XIV, 
p- 226 (1939). 

G. P. L. Miles, ‘ Rapid Approximations in the Computation of Diet in the Field,’ Man, 
May 1938. 

Annual Report for 1937-38 of the Henry Lester Institute of Medical Research, Shanghai. 

5 P. H. Stevenson, ‘ Interrelation of Biometric and Clinical Methods in the Appraisal of 
Nutritional Status,’ Chinese Med. Journ, XLVIII, p. 1295 (1934). 
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methods and technique which have been elaborated by physical anthropologists 
in the study of human variation in the past should now be directed to their 
solution. 

The science of physical anthropology has contributed much to the study of 
the past history of the human species. By the study of modern populations 
it has a still more important function to fulfil, the accumulation of data on the 
basis of which it will be possible in some measure to control the destiny of 
mankind in the future. 
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SECTION H.—ANTHROPOLOGY 
COMMUNICATIONS 


Mr. A. L. Armstrong.—New discoveries at Grimes Graves. 


Discovery of a figurine of the earth mother and other cult objects associated with 
ritual, at Pit 15, Grimes Graves, Norfolk. 


* * * 


Miss C. Fell.—Connections between the Lake District and Ireland during the «- 
Bronze Age. 


* * * 
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Dr. P. Bosch-Gimpera.—Types and chronology of beakers in Spain. 


In Spain, beakers belong to three different periods, corresponding to their type 
sequence. 

(1) Classical style (Ciempozuelos-Alcores-Palmella and lower stratum of Somaén) 
seems only peninsular and exclusive of central and Portuguese cultures. (2) Evolved 
types even with most fundamental patterns in less pure interpretation (second stratum 
of Somaén) begin expansion through contemporary Catalonian cultures (Cartanyé, 
Salamé, and upper stratum of Pany) and Pyrenean megalithic Ib, reaching Rhine- 
land and Central Europe, also Nordic late Gang-graber. (3) Most evolved types 
and introduction of cord patterns appear in late eneolithic stages of Almeria (Los 
Millares, contemporary to Alcalar), Pyrenean II, German Schnurzonenbecher, 
Nordic Steinkistengraber, also Brittany and from there Ireland, British B-beakers, 

Degenerate types on the Rhine, contemporary with German Adlerberg and Vor- 
aunjetitz, belong to the same period as late Dutch beakers, equivalent to British 
A-beakers. To this period correspond Irish lunule and Spanish pre-Argaric. In 
next period (continental Aunjetitz and El-Argar) beakers exist only in Britain in 


most evolved forms. 
* * * 


Dr. E. Estyn Evans.—Lyles Hill, an Irish hill-site of the Megalithic period. 


This paper reviews the results of two seasons’ excavation work on a site in Co. 
Antrim which was discovered from the air some years ago. The bare hill-top 
(753 ft.) is crowned by a circular cairn which had been built from the débris of 
occupation sites and yielded a vast assemblage of sherds and lithic material. The 
latter is mostly flint but includes also polished tools of a well-known north Antrim 
igneous rock. Four pendants of greenstone, believed to be derived from a non- 
Irish source, were also recovered. Pottery is exclusively round-bottomed and in- 
cludes handled forms. At high levels and in secondary cist burials, food-vessels 
and an encrusted urn were found. The primary burial, in a small closed chamber, 
had been rifled. A megalithic kerb includes a vestigial entrance with decorated 
sill-stone. The hill-top is surrounded by a contour earthwork, 3 ft. high and 
30 ft. wide, composed of earth and boulders and enclosing a space 950 ft. by 
700 ft. It is contemporary with the cairn and occupation sites within. 


* * * 


Prof. E. O. James.—Primitive cults in the religion of the Old Testament. 


While the most ancient documents in Hebrew literature are derived from literary 
sources which cannot be dated earlier than the ninth, or possibly the tenth century 
B.C., traces of primitive cults survive in the recorded beliefs and customs which belong 
to ages prior to the time of Moses and the documented periods. _By a comparative 
study of the material it is possible to determine the nature and significance of pre- 
Yahwistic practices which the Hebrews and their ancestors held in common with 
Semitic peoples generally. The cults brought under review include lunar and pas- 
toral festivals, fertility rites and sanctuaries, treatment of the dead, sacred animals, 
the divine kingship and the Annual Festival. 


* * * 


Miss I. F. Grant.—The human interest of exhibits in a Highland folk-collection. 
1. Reasons for urgent importance of making Folk Collections : 
(a) The material is vanishing rapidly. 
(6) The living traditions attached to the objects can still be gathered. 
(c) Such collections are deeply appreciated by a great variety of visitors, such as 
old country folk, teachers, children, modern workers in similar processes, 
and people whose ideas of the past are abstract, romantic or picturesque. 


| be 
| 
| 
| 
| 


77 


2. The value of many objects in a folk collection does not depend upon their 
beauty, their monetary value, their association with historic people, their age, 
sometimes even their rarity. ‘They are worth collecting because they illustrate the 
manners and customs, the economic conditions, the folk culture of our own ancestors. 

In this age of specialisation it is most important that folk collections should be 
arranged in such a way as to bring this home to the visitors. ‘The author describes 
how a few exhibits in her own collection (probably similar to those to be found in 
most other collections) illustrate in a unique way various aspects of the Highlands 
in the past, e.g. : 

History (wool-winder, knives). 

Economic conditions (wooden plough, mended hoe, salting keg, wooden slabhraidh). 

Effects of environment (types of lighting apparatus, grass and basket furniture). 

Variations racial ? (distribution of types of flail). 

Manners and Customs (types of chairs and stools, home-made musical instruments). 

Folklore (slabhraidh, hobble, position of fire). 

Working ways (examples of implements from textile section). 

Versatility (summary of tools and home-craft work found in the typical home). 


* * * 


Prof. W. J. Entwistle——Ballads and tunes which travel. 


* * * 


Mrs. Catriona Mackintosh.—Hebridean music ; pre-Christian myths and legends 
in song. 

In the Hebrides, fragments of music, prechristian—almost prehistoric—have 
been handed down orally by cultured bardic families. What we owe to the general 
folk of the Isles is not the invention, but the appreciation and preservation of the 
traditional airs. The three necessities of life, according to ancient runes and vows, 
were food, drink and music. The earliest theories of the beginnings of music are 
highly pictorial and imaginative, and reveal a distinct oriental contact. 

A wealth of myth and legend from Fionn and the Fayne—Celtic parallel of King 
Arthur and his Knights—has been kept vigorous all down the ages, perhaps because 
they appeal so intensely to human nature—Deirdre for beauty and sorrow, Cuchullan 
and his son for tragedy, Oscar for bravery, Aillte for charm, and Maeve for jealousy 
and cruelty. Our labour lilts, too, are fundamental and intensely. racial, and the 
very tyranny of their rhythm will keep them alive. Examples of all these types will 
be sung and accompanied on the clarsach. 


* * * 


Dr. A. O. Anderson.—Prospects of the advancement of knowledge in the early 
history of Scotland. 


The early history of Scotland extends to 1291. Archeology has recently 
explored the prehistoric part, and the part for which there is least literary evidence. 
More archeological research is needed for the period of the settlements, e.g. of the 
Picts. 

For almost the whole early history, literary evidence is meagre. Conjecture and 
imagination are unavoidable, but they must not be allowed to take the place of 
evidence. 

Apart from possible discovery of unknown literary sources, we need more exact 
establishment of texts, and more precise interpretation of their meaning. Study of 
ancient languages is necessary. Some philological acquaintance with Old and 
Middle Irish is needed. 

Where material is scanty, it is all the more essential that sound principles of use 
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of historical evidence should be followed. Their observance will in general curtail 
what has been accepted as historical fact, and may add different conclusions. 

History is the result of impartial inquiry. Prejudice destroys it. Reiteration of 
historical untruths does not advance a nation’s honour. 


* * * 


Mr. Angus Graham.—Some recent work of the Royal Commission on Ancient 
Monuments (Scotland). 

The Commission’s Inventory of Orkney and Shetland is about to appear. Among 
its outstanding features will be : (a2) Chambered cairns: an extensive and varied 
series, including a wholly new type found only in Shetland. Many detailed plans 
are given, notably of Maes Howe and the Rousay examples. (b) Brochs: much 
new information on architecture with many detailed plans, notably of Mousa, 
Clickhimin, Jarlshof, Mid Howe, and Gurness. (c) Stone circles : with a new plan 
of the Ring of Brodgar. (d) Early domestic sites. (e) Very numerous early cooking- 
places, comparable with the Welsh and Irish examples. The survey of Roxburgh- 
shire, now in progress, is breaking some new ground, particularly in respect of : 
(a) So-called ‘ forts,’ which apparently include early village- and homestead-settle- 
ments, as well as simple enclosures, besides true forts. (b) Cultivation terraces, 
which are numerous and of various types. Notwithstanding divergent evidence of 
origin some, at least, of these may be of late medieval date. 


* * * 
Mr. E. J. Wayland and Prof. C. Van Riet Lowe.—The archeology of Uganda. 
* * * 


Mr. W. Fogg.—Wares of a Moroccan native doctor. 


The more than sixty different medicines, charms and ingredients for charm 
potions, displayed for sale at the tribal markets of Morocco by an itinerant medicine 
man, have been properly determined botanically, geologically, and zoologically, 
and an investigation made of their uses. They will be exhibited, and an account 
given of the uses of some of the more interesting. 


* * * 


Mrs. N. K. Chadwick.—The spiritual journeys of the seer. 

Journeys to the Heavens and the Underworld constitute the most widespread 
theme in the oral literature of Asia and Polynesia, and are prominent also in the 
oral literature of Europe. Their geographical distribution and chronological. 
relationship offer valuable data for the problem of transmission and diffusion. 
The main object of the journeys is to establish contact with spiritual beings, including 
the dead, and to acquire renewed physical energy and new knowledge. The types 
of people who make the journeys are less commonly officials than gifted individuals, 
though the association with local sanctuaries was commoner in the past. The oral 
literary forms in which the records of these journeys have been transmitted are of 
the greatest importance for tracing their history, and incidentally serve to throw 
light on the relationship of epic to drama on the one hand and to saga on the other. 
The relationship of the contemporary oral records of these journeys on the periphery 
of the modern world to the written records of such journeys from the ancient world 
merits special study. This study of what is, perhaps, the most widespread theme of 
a definite phase of spiritual literature, and of its literary forms, enables us to draw 
up a tentative history of that form of the seer’s activities commonly called shamanism. 


* * * 
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Prof. A. M. Honeyman.—Change of personal name among the biblical Hebrews. 
The paper discusses the motives underlying metonomasia in relation to the 
score or more of cases in the Old Testament in which a personal name is changed. 
1. Some are symbolic and perhaps purely literary in character (e.g. Na‘omi- 
Mara). 

2. Cases of translation or transliteration from one tongue to another are few 
(Hadassah-Esther ; Joseph-Sofnat-Pa‘neah). 

3. Cases where there is a variation in spelling are significant not of ‘ enhance- 
ment of dignity,’ as a tradition declares, but of the fusion of different literary and 
linguistic elements (Sarai-Sarah). 

4, There is no clear case of a throne-name (cf. Eliaqim-Jehoiaqim). 

5. Religious interest is responsible for the majority of cases. Sometimes political 
motives are combined (Mattaniah-Zedeqiah). ‘The dominant religious interest is, 
of course, JHV Hist exclusiveness (Hosea-Joshua). There remain one or two difficult 
cases. That of Solomon-Jedidiah is discussed in detail. 


* * * 


Sir Richard Paget, Bt.—Sign language and the education of deaf mutes. 

According to the author’s hypothesis of 1938, civilisation began when man 
became an artist, and thus learnt the ‘ trick ’ of symbolising things, qualities, actions, 
etc., one at a time. Prior to this he did not use speech ; he pantomimed events, 
and accompanied his pantomime with a sympathetic vocal gabble. Sir Arthur 
Evans suggested in 1908 that primitive men drew before they talked. Man’s 
earliest drawings, representing the animals he wanted, or the events which he 
wished to bring about, were his first forms of prayer. 

True speech and thought arose as man developed systematic gestural signs 
expressing objects, actions, qualities, etc., separately. 

Prof. Alfred Sommerfelt’s study of the Arunta tribe of Central Australia shows 
that their language still depends on gestural signs, and that they think largely in 
terms of events. 

The born deaf to-day also think in terms of events. At present deaf children are 
discouraged from using their natural sign language: there is therefore no easy 
method of communication between the deaf child and its parents, etc. 

The sign language used in Church Services for the Deaf is unsystematic and 
difficult for normal peopie to learn. . 

A systematic sign language is described which the parents and family of a deaf 
child could easily learn, so that the mind of the deaf child would develop normally ; 
he could then readily be taught to read and speak. 

The same sign language, if taught to all children as a form of play, would give 
them a much better understanding of language generally, and would provide an 
auxiliary universal language. 

+ * * 


Joint Discussion with Section I (Physiology) on Nutrition and physique. 
Prof. R. A. Fisher, F.R.S. 


In men, as compared with other animals, development is abnormally prolonged. 
Growth is, therefore, extremely slow in relation to the intake of nutrients. In 
consequence nutrition is far less influential as a factor disturbing normal growth 
than might be expected from animal experiments. Moreover the opportunities 
for growth compensating any temporary retardations are much more extensive. 
Experimentally the growth response to increased nutrition is found to be remarkably 
small, and it is difficult to show that even this small response is of permanent 
developmental importance. With important exceptions, children, even the poorest 
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classes, must be very adequately fed. Statistics from investigations of the English 
poor show a gradual increase in the heights and weights of children during the last 
hundred years, but it is at present uncertain whether this increase is still in progress, 


Dr. D. C. Wilson. 


The results of nutritional examinations carried out on more than 10,000 children, 
in connection with dietary investigations amongst various Indian communities, 
are considered with a view to assessing the value of signs of deficiency disease as an 
index of the state of nutrition. 


Mr. D. M. Lubbock. 


In the human population as a whole certain growth patterns can be clearly 
distinguished. Some of these are discussed with reference to the diets of the races 
concerned. Within individual races, also, characteristic growth patterns can be 
correlated with differences in dietary habits. In the last thirty years measurable 
changes have taken place in the stature of certain population groups. The possible 
reasons for such changes occurring in an extremely short period of time are reviewed. 
The opposing claims for genetic ‘ selection ’ and for environmental, chiefly dietary, 
changes with which the shift can be correlated, are reviewed. 


Dr. I. Leitch. 


The first necessity for a just assessment of the relationship of physique to diet is 
an understanding of the relative importance, for the development of the individual, 
of heredity and environment. Nature prescribes the limits of potential develop- 
ment, but nurture determines the degree to which potentialities are expressed. 
This is illustrated by examples of plant and animal experiments. The general 
question of whether, or under what circumstances, prolonged subjection to a poor 
dietary environment results in the elimination of fast-growing types and ‘ selects’ 
a suitably ‘ adapted’ slow-growing type is discussed. The implications for the 
human population are indicated. 


* * * 


Dr. R. Broom, F.R.S.—The affinities of the South African Pleistocene anthropoids. 


The dentition of the two types of Middle Pleistocene anthropoids is almost 
completely known, and the study of it leads to some interesting conclusions. 

In structure all the teeth closely resemble those of modern man. The canines 
are, in the females at least, scarcely any larger than in man, and the incisors so far 
as known are also of the human type. The premolars, though closely resembling 
in structure those of man, are very much larger. The molars are almost typically 
human and only a little larger than those of man. 

The structure of the teeth differs very markedly from those of the chimpanzee 
and gorilla. And we know that the milk teeth of Australopithecus are of the human 
type, and differ greatly from those of the living anthropoids. 

From the structure of the teeth we can be quite certain that these fossil Pleisto- 
cene anthropoids are much more closely related to man than are the chimpanzee 
or gorilla. 

They are too late in time to have been ancestral to man, but we seem justified 
in concluding that these Pleistocene forms are the little modified survivors of Pliocene 
apes which lived in Africa and perhaps Southern Asia, and that it was from some 
member of this Pliocene family that man originated. 

The discovery of anthropoid apes in the Pleistocene with almost typically human 
teeth seems to the author to support the view that man originated not earlier than 
in Pliocene times, and possibly as late as in Upper Pliocene. 


* * 
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Prof. R. Dart.—Recent discoveries bearing on human history in South Africa. 

Up to the time of the meeting of the British Association in South Africa in 1929, 
the human fossil history of South Africa was limited to the Broken Hill skull on the 
one hand and the Boskop remains from the Transvaal and from Zitzikama on the 
other. The then recently discovered and incompletely described Fish Hoek, 
Springbok Flats, and Cape Flats skulls seemed closely related to the Boskop type. 

During the intervening decade, a continent-wide dispersal of the Boskop type 
in Africa has been further documented : the skeletal material from Matjes River, 
C.P., from Kenya in North-East Africa and from Asselar in the southern Sahara ; 
there is also evidence to suggest the infiltration of this or a closely allied type into 
Northern Africa and Southern Europe in the form of Cro-Magnon Man. 

The Florisbad skull presents characteristics intermediate between those of the 
Rhodesian type and the Boskop type ; it is possible that some such annectant form 
between Neanderthaloid and Cro-Magnoid man produced in Africa the two pedo- 
morphic types: the giganto-pedomorphic Boskop and the pygmzo-pedomorphic 
Bush. Genetically these two types are distinctive and appear to be sex-linked in 
the modern Bushman people. 

The discoveries at Mapungubwe reveal a high material culture associated with 
skeletons of this hybrid Bush-Boskop type comparable only with those of the Late 
Stone Age and living Bush populations of South Africa. There was therefore a 
well-advanced material culture in South Africa prior to its occupation by the 
Bantu-speaking Negro. 

The discoveries of Dr. Broom at Sterkfontein have demonstrated at least two 
generically-distinct humanoid Pleistocene types, whose geographical proximity and 
anatomical similarity to Australopithecus as well as their relative recentness in time 
indicate their emergence from the australopithecid type. The problem is to deter- 
mine whether Plestanthropus and Paranthropus are not in point of fact human beings ; 
if so, they are the most primitive of which remains are at hand. 


* * * 


Dr. §. Zuckerman.—Evolution of the human brain. 


The size of the Primate brain ranges from about 3 gms. in Tarsius to as much as 
2,000 gms. in Man. Its basal structural pattern, however, remains the same through- 
out the Order and in Old World Primates the interrelation of surface to weight of 
the cerebral hemisphere and of its parts is more or less constant. The difference 
in brain-size between an Old World monkey (e.g. a rhesus monkey) and a gorilla 
is far greater relatively than the difference in size between the gorilla and Man. 
Yet few, if any, significant and measurable differences exist between the intelligence 
of the monkey and gorilla, whereas an enormous gap exists between the intelligence 
of Man and that of any other Primate. The anatomical evolution of the brain thus 
hardly parallels the evolution of intelligent behaviour. Experimental study has 
also indicated that there is relatively little difference in the level of learning ability 
between an ape and an animal as far removed as a goldfish. Significant advances 
in the evolution of human intelligence would seem therefore to be related to the 
development of speech and to the elaboration of a symbolic process. 


* * * 


Dr. R. H. Thouless.—Mental evolution of the Primates. 


* 
Prof. P. E. Newberry, O.B.E.—The Crane Dance. 
* * * 
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Miss Maire McNeill.—Folklore of death cairns. 

The custom of raising a stone heap, to which each passer-by added, on the spot 
where death occurred in the open was formerly widespread in Ireland and still exists 
in a few isolated districts. Not only where death occurred but any place on which 
a dead body, whether coffined or not, had been laid was so marked. The facts that 
it is still customary to add a stone to the great prehistoric burial cairns on mountain- 
tops, and that the humbler heaps of more recent times are sometimes said to cover 
graves as well as death-places suggest that we have here a relic of an ancient burial 
custom. The Irish countryman generally explained his action in adding a stone to 
the heap as honouring and helping the departed soul (each stone marked a prayer 
said). ‘There was, besides, whether admitted or not, a fear that omission to do so 
would bring some retribution. Sometimes the thing feared was the ghost of the 
dead. Sometimes it seems to have been an impersonal malign power which, because 
death had touched that spot, had domination there. The stone heap was not only 
a memorial to the dead but a warning of danger to the living. 


* * * 


Mrs. M. M. Banks.—Folklore of the net, line, baiting, and the boat in N.E. 
Scotland. 

Folk-lore of the sea and fishing is generally well known, but little if any record is 
found of customs connected with the preparation of the tackle and the boat. Deep- 
sea fishing is carried out in the face of great risk and danger, and we should not be 
surprised to find many tabus observed in the making of implements connected with 
it. Two well-known Scottish folk-lorists of the north-east coast left unpublished 
a number of notes made in collecting records of these tabus and customs which 
seemed of special interest. They are quoted as revealing a system of protective rites 
which have escaped the notice of many other folk-lorists. 


* * * 


Rev. Canon J. A. MacCulloch.—A survey of some Scottish folklore and its origins, 

Scottish folk-lore is an immense subject. ‘Though it has now largely died out, 
happily much of it had already been collected. In this paper only a few outstanding 
matters can be considered. 

Scotland was inhabited by different peoples from prehistoric times onwards, 
and out of these has been formed the present population. There were the pre- 
Celtic people ; various groups of Celts—Picts, Brythons, Scots from Ireland ; 
Angles ; Norsemen. From their beliefs and customs the later folk-lore -was evolved. 
It is hardly possible to assign to each group its own contribution to folk-lore. There 
was a primitive stratum in which all shared. These various groups tended to mingle ; 
beliefs peculiar to each would pass from one to another. Yet certain elements in 
the general folk-lore may be traced to their respective sources. 

The matters considered are beliefs about fairies, dwarfs, brownies ; spirits or 
beings of the waters ; wells and springs ; witchcraft ; the evil eye ; second sight ; 
and a few other topics. 

* * * 
Mr. R. Kerr.—On wooden teapots from Kongbo Province, Tibet. 


Description of a type of wooden tea-pot said to be peculiar to the district of 
Kongbo Province, Tibet. 


* * * 
Prof. J. Murphy.—Racial crossing and cultural efflorescence. 


The Darwinian principle that racial crossing within a species results in an increas¢ 
at once of vigour and of variability in the hybridised stock, appears to apply to 
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crossing within the human species. There are certain examples in history of cultural 
efflorescence which are traceable not merely to cultural influences but to the effect 
of hybridisation. There appear to be two necessary conditions : (1) that the cross- 
ing shall not be of two or more extremely different varieties, approaching specific 
difference ; and (2) that a period shall elapse sufficient to allow the crossing to 
take effect, say, ten generations or three or four hundred years. The most striking 
example is the efflorescence of genius in the ancient civilisations concentrated in the 
period between the ninth and fourth centuries B.c. 


* * * 


Discussion on Anthropology in Education. 
Mr. N. F. Sheppard. 


At present some anthropology comes into courses in history and geography ; 
this may be more effective than segregating the subject. Authoritative opinion to- 
day appears to be regarding the anthropological attitude with increasing favour. 
Pupils need to be helped to see civilisation to-day not as the ultimate result of a long 
historic process, but as an early embryonic phase in the development of human 
society. With the advent of universal education there is a serious risk that, the 
social tradition of one part of the world in one generation being so widely taught and 
copied, the natural development of society may be arrested. Such influences as 
international broadcasting and the W.E.A. tend to counteract this. Anthropology 
can help enormously if the past is studied primarily as a source of data for the 
guidance of future development. 


Prof. H. J. Fleure, F.R.S. 


Anthropological work in the universities raises thoughts of research into physical 
characters of mankind, with a view to studies of type, of inheritance and of fitness, 
into social organisations and their modifications through mutual contacts, and 
into archeological sequences important for their own sakes as well as for the inter- 
pretation of social and physical data. To secure more adequate treatment of the 
above in the universities it is important that anthropology should also be thought 
of as a subject of general culture, in order that it may have adequate student numbers 
and staffs, and this is the more justified in that, interwoven with human geography, 
it represents more than any other subject the effort to apply evolutionary thought 
to human affairs. The change in attitude to the world-life from dependence 
on dogma to appreciation of evolution is the main reason for emphasising for as 
many educated people as possible a study of men and environments as they actually 
are and as they have developed. Geography and anthropology should be inter- 
woven and should meet one another, the geographer adjusting his perspective so 
that modern commercial activities are not exaggerated, and the anthropologist 
modifying his to show that he thinks civilised man as worthy a subject of study as 
the lowly peoples, the data for whom it is, of course, very urgent to gather before 
they sink into oblivion. 
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THE INTERPRETATION OF PLANT 
STRUCTURE 


ADDRESS TO SECTION K.—BOTANY 


By Pror. D. THODAY, Sc.D. 
PRESIDENT OF THE SECTION. 


EARLY investigators of plant structure aimed at discovering from the anatomy 
of plant organs something about the functions they perform. Owing, however, 
to the minuteness and intricate arrangement of the structural elements, 
accurate knowledge was only slowly achieved. Not only had artificial aids 
to vision to be improved, but the human eye itself had to be trained by their 
use and by the closer attention which is demanded in drawing what is seen. 
The same process to which the elementary student must still submit had to be 
worked through by the pioneers for themselves. 

At the beginning of the nineteenth century some of the most elementary 
facts of structure were still matters of dispute, such as the nature of the spiral 
vessels and the pitting of the walls of other vessels. For a parallel to-day we 
have to look to minute histology and cytology, where structures of a lower 
order of magnitude and requiring a higher order of magnification to make 
them distinguishable by the human eye are still sometimes seen differently 
by different observers. Refinement of the instrument, improvement in the 
technique of preparation, and advances in the experience and skill of the 
observer, have all played their part in the progress of knowledge. 

Some of the earlier anatomists, aware that the observer may easily see 
what he expects or hopes to see, sought to free their evidence from personal 
equation by hiring draughtsmen to make drawings for them. The motive 
was good, and we have a modern parallel in the use of photography to give 
independent confirmation of observations. But even photography cannot 
take the place of the vision of the trained observer ; those who used draughts- 
men were really shirking a responsibility. It was von Mohl who consciously 
set his face against the practice : he maintained that drawings and descriptions 
must interpret the vision of the observer, who must himself strive to cultivate 
accurate observation, freed from preconceptions. As Sachs said of him 
(History of Botany, pp. 292-3) : ‘ He never forgot that the interpretation [l.e. 
the descriptive interpretation] of visible structure must not be disturbed by 
physiological views.’ 

The study of external form was not handicapped to the same extent by 
technical difficulties, though lack of knowledge regarding the physiology of 
the plant may in part have accounted for the development of morphology so 
largely as the study of pure form in the eighteenth century. A more important 
factor was the discovery by travellers of a wealth of new plants. The practical 
necessity of reducing to order the large collections that were thus accumulating, 
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both in herbaria and in gardens, lent outstanding importance to systematic 
morphology. 

As anatomical data accumulated, the same sort of need led botanists to 
try to systematise likewise the facts of internal structure. Since the major 
functions to be performed are the same in all plants, the ordering of the 
multiplicity of forms of tissue elements and especially the various arrangements 
of tissues was a morphological task, in which the references to function tended 
to be subordinate. 

The primary task of the anatomists of this period was to ascertain the facts 
of structure and describe them accurately and comprehensibly. The devising 
of an adequate terminology for this purpose absorbed much attention. 

The descriptive data took their place among other morphological features 
as an aid to the classification of plants. As knowledge of plant physiology 
increased, the functions performed by the tissues became better understood, 
but anatomy advanced in many instances faster than the special chemical and 
physical knowledge, required to interpret the working of the structures 
discovered. 

The publication of The Origin of Species in 1859 intensified the interest in 
adaptation to function. It also gave a phyletic bent to systematic comparative 
anatomy. For example, the evolution of vascular systems claimed attention, 
especially under the stimulus of paleobotanical discoveries of far-reaching 
importance, in which British botanists played a leading part. 

Difficulties and disappointments were however in store for those who 
followed each of these two directions of thought and investigation, both the 
adaptational and the phyletic. 


STRUCTURE AND FUNCTION. 


Under the influence of Darwin’s concept of ‘ Survival of the Fittest,’ 
adaptation received exaggerated emphasis, and a tendency to assume all 
structural features to be adaptive was strengthened. It was even tacitly 
assumed that, having been through the mill of competition, plants should be 
well-nigh perfectly adapted to the habitats in which they maintain themselves 
successfully. 

It is, of course, essential that the structure of plant organs should enable 
them to carry out their functions adequately ; but perfect adaptation of 
tissues to their functions would be difficult to define. 

The study of xeronhytes provides an instructive example. The peculiar 
features of structure which impart to the vegetation of dry regions a charac- 
teristic aspect, contrasting markedly with that to which dwellers in moist 
temperate regions like our own are accustomed, were interpreted by Schimper 
as adaptations for the control of the supply of water, chiefly by limiting the 
loss of moisture from the exposed shoot system. 

Schimper was a pioneer in the study of vegetation from the point of view 
of a physiologist ; he ranged widely, his output of research was considerable 

efore an untimely death cut it short, and his ideas and example stimulated 
the researches of others after him. 

He did not, however, escape the pitfalls that have often awaited attempts 
to infer function from structure. He observed that the characters exhibited 
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by xerophytes were also possessed by plants in certain other habitats. In salt 
marshes the plants were predominantly succulent ; on wet moorlands wiry 
grasses and ericoid plants with minute rolled leaves were characteristic, though 
water was usually plentiful. Schimper concluded that water in these habitats 
is difficult to absorb, and that for this reason the plants had to conserve the 
water they obtained. 

This view, that such habitats are physiologically dry though physically 
wet, proved later to be erroneous ; but meanwhile it helped to concentrate 
attention on the reduction of transpiration, and xerophytes came to be 
defined not in terms of habitat but in terms of structure. Adaptations for 
reducing transpiration were regarded as characteristic of them as a class ; 
although little experimental evidence existed for the assumption that they 
actually transpired at a low rate. 

When the experimental gap began to be filled, it came as a shock to many 
to learn that xeromorphic plants—i.e. plants with the aspect and structure 
of xerophytes—might transpire very vigorously. Kamerling (1914) went so 
far as to argue that such plants were only ‘ pseudo-xerophytes ’ and that the 
only true xerophytes among the plants he experimented with were certain 
succulents, which actually showed a low rate of transpiration. 

Closer study of the plants of dry habitats in the field, experimental work on 
their water relations and general physiology, and fundamental physiological 
researches, have combined to show that the functional interpretation of the 
structure of xerophytes is by no means a simple task. 

In the first place, plants of very different structure are found growing 
together, as constituents of the same vegetation, occupying adjacent positions 
in the same habitat. Not only do we find succulents, storing water in bulky 
tissues, alongside of sclerophylls, with little storage capacity but heavily pro- 
tected epidermis, but we also find non-succulent soft-leaved plants, with no 
obvious protection. Others again have thin cuticles but hairy coverings of 
various kinds. These species coexist successfully, but they must clearly meet 
the difficulties imposed by their environment in different ways. In respect of 
the control of transpiration they cannot all be equally well adapted. 

Having regard to thickness of cuticle, it has been shown by Kamp that 
mere thickness is not a safe criterion of efficiency, for cuticles differ in quality : 
a thick cuticle may be relatively pervious and afford less protection than a 
thinner but more highly waterproof one. 

It has come to be realised, from a consideration of such difficulties and the 
results of experimental work, that before the physiological adaptation of 
plants to their environments can be properly assessed we need far more exact 
knowledge regarding the quantitative relations of their different functions to 
the environmental factors, and regarding the balancing of those functions. 

Meanwhile the aim of physiological anatomy should be the descriptive 
elucidation of the structure of organs, and the accurate assessment, confirmed 
as far as possible by quantitative experiment, of how the structure works. 
The question to be answered is not how an organ is adapted to its function, 
but rather how its form and structure affect its functioning. 

Quantitative investigation of the effects of minute structural features is often 
beset with great difficulty. This has indeed led plant physiologists to resort 
more and more to the simplest organisms for fundamental research. Schimper 
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wrote his Plant Geography before the laws which govern diffusion of gases 
through multiperforate septa, like the epidermis of a leaf with its numerous 
fine stomatal pores, had been discovered. It was known from Stephen Hales’s 
experiments, published in 1727, that ordinary leaves might transpire at a rate 
surprisingly high in comparison with evaporation from a freely exposed moist 
surface ; but it was Brown and Escombe’s work which showed, in 1903, how 
remarkably efficient multiperforate septa are. 

Their critical experiments were made with artificial septa. These sim- 
plified models were, however, on a far larger scale than the epidermis of a leaf. 
The application of their results to membranes with much smaller and more 
numerous pores was a process of extrapolation, which left room for differences 
of opinion. We have not even yet reached finality in the solution of problems 
presented by stomatal diffusion, as affected by wind and other external con- 
ditions and by the size and proximity of the stomatal pores, although much 
intensive work has advanced our knowledge considerably ; nor do we know 
just how much effect to attribute to the sinking or raising of stomata, or other 
special devices. 

While the exact laws of the diffusion of gases through stomata are difficult 
to establish, it might be thought that the distribution of stomata at least would 
lend itself readily to adaptational interpretation. The truth is again contrary, 
for teleology has met one of its most serious rebuffs in this very field. 

The adaptational outlook led to the expectation that xerophytes would 
have fewer stomata than plants; less exposed to drought ; and that, within 
a species, individuals growing in drier places would likewise be similarly 
protected. Actually, the facts point very largely in the reverse direction. 
Zalenski showed that more exposed leaves had a higher stomatal frequency. 
Much subsequent work has confirmed in a general way the truth of Zalenski’s 
conclusions. Salisbury’s statistical studies (1927) in particular have shown 
that, on the whole, plants in more exposed places have a higher stomatal 
frequency, and that for a given species the proportion of stomata to epidermal 
cells is more constant over a range of moisture conditions than stomatal 
frequency, variations in which are to be interpreted largely as the consequence 
of different degrees of expansion subsequent to the initiation of the stomata. 

This turns the attention away from adaptation to the process of develop- 
ment. Salisbury’s results indicate that stomatal frequency is determined by 
factors at work in two phases of leaf development. The first is the formative 
phase in which the position and number of stomata are determined in relation 
to the epidermal cells, mainly by internal influences depending on the heredi- 
tary make-up of the plant. The second is the expansion phase, in which the 
degree of separation of the stomata, already initiated, is determined. The 
degree of expansion is dependent upon the water supply to the leaf during 
this phase of growth, so that the better the water supply the farther apart are 
the stomata. 

We are thus led to approach the phenomena from an entirely different 
angle, and inquire into the causes, as well as into the effects, of structural 
features. 

From the causal point of view, the early, formative phase is the more 
interesting ; but it usually overlaps the expansion phase to a considerable 
extent, so that it is not always easy to distinguish them clearly. External 
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conditions, of course, do affect also the formative phase. In leaf development, 
for example, the well-known differences in structure between sun and shade 
leaves, involving thickness and the differentiation of palisade tissue, may in 
part be traceable, like the difference in area, to differences in water content 
during development. It was found by Schréder (1937) that twigs in shade 
positions could be induced to form leaves with the characters of sun leaves by 
notching the stem and so restricting their water supply. 

This example does indeed suggest that even the greater breadth of the 
shade leaf is not a simple direct effect of an easier water supply, for with 
greater growth in area goes less growth in thickness. The outstanding features of 
structure are determined in the formative phase by internal regulative factors. 

Goebel has shown how problems of development may be attacked in- 
ductively in his Gesetzmdssigkeiten 1m Blattaufbau (1922). The general result 
of his studies of leaf development was to bring out the repetitive nature of the 
patterns that are laid down, the units of a pattern showing, at the time of initia- 
tion, remarkable constancy of scale. Thus at the growing edge of a fern 
frond bifurcation of the veins keeps their spacing within certain limits, just as 
the size of cells in meristems tends to remain more or less constant owing to 
division when an upper limit is reached. The uniformity of size of the meshes 
in a net-veined leaf is a similar phenomenon which has been studied by 
Schuster (1908). Stomata and also root-hair initial-cells show an approxima- 
tion to uniformity of spacing at their initiation, however much the fact may 
subsequently be obscured by expansion of cells between the initials, or inhibi- 
tion of their further development. Kiister has emphasised the correlational 
aspect of such regularities, as depending upon mutual relations between the 
different tissues or structural elements that make up the pattern. 

Another example of a quantitative approach to problems of adaptation is 
afforded by attempts to correlate the dimensions of parts served and tissues 
serving them. It is obvious that as the foliage of a tree increases in extent 
the amount of conducting tissue in the stem increases too ; and that from the 
small twig through branches to the main trunk the amount increases parallel 
with the increasing number of leaves to be supplied. Jaccard drew attention 
to the quantitative aspect of this relation; and in 1920 his pupil Ribel 
examined it in greater detail for the herbaceous plant, Helianthus annuus. 
Salisbury had already in 1913 correlated the vascular structure of petioles 
with the dimensions of the leaf blades, with special reference to the xylem 
and transpiration. 

The correlations displayed were not exact and showed considerable varia- 
tions. Functionally therefore they fall short of perfection. Yet they are 
remarkable enough, and specially worthy of note when we begin to inquire 
how such correlations come about. How is it that the development of different 
parts is balanced? Again our attention is directed away from the purely 
functional to the causal aspect of the phenomena, centring in the process of 
development. 

In other cases there is not only increase in amount of vascular tissue but 
increasing complexity in its form and distribution with increase in the size of 
the system to be supplied. This relation between scale and complexity has 
been emphasised especially by Bower, and elegantly illustrated by him and his 
collaborators. The functional interpretation of this is less obvious, and cer- 
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tainly more complicated. Bower has drawn attention to the fact that the 
surface of contact between the vascular tissues and those around them is 
increased by the complexities that arise as the scale increases. In this way 
the diminution of surface relative to bulk, which is the natural result if size 
increases without change of shape, is partly compensated. Wardlaw’s (1926) 
calculations for stems of Lycopodium, for example, illustrate this clearly. 

Bouillienne (1928) found that the number of vascular strands in roots 
of the palm Jrartea exorrhiza of different sizes varied as (diameter). 
This relation requires further analysis from the functional point of view. 
Bouillienne’s scale drawings show that the strands in larger roots are larger 
as well as more numerous. 

On the other hand, as in other instances already discussed, the causal aspect 
of the phenomena may prove to be of greater significance than any considera- 
tion of the functioning of the mature root. In these large palm roots the 
strands of xylem and phloem, which, as usual in roots, alternate regularly, 
present very forcibly the appearance of a repetitive pattern around the peri- 
phery of the central cylinder. The pattern is determined at an early phase 
in the development of any given segment of the root, while it is still near the 
growing point and before it has reached its full diameter. It seems likely 
that, as in the cases previously discussed—stomata and leaf venation—the unit 
element of the pattern at its initiation varies in dimensions only within narrow 
limits, so that the number of repetitions is determined by the spatial relations 
at this early stage. Subsequent growth in diameter of different parts would 
then modify these relations, as it does stomatal frequency and venation density 
in a leaf. The number of strands would thus depend on the circumference of 
the central cylinder at the time of initiation, not on the ultimate size of the 
mature root." 

The same point of view may be extended with appropriate modifications 
to all the correlations of complexity with size that have been emphasised by 
Bower. The convolutions and other changes of form which the vascular 
tissues undergo have functional consequences ; but they also need investiga- 
tion as the outcome of developmental processes taking place according to 
definite laws which causal analysis should reveal. 

In cases of the kind just considered the determining factors may be inherent 
in the developing part itself and involve simply the mutual relations of the 
tissues composing it, during the period of their differentiation. When, on the 
other hand, correlations between amount of vascular tissue in the stem or 
petiole and area of leaf surface are considered, an interaction between one 
part and another is implied. This aspect has been investigated both ex- 
perimentally and by anatomical analysis. 

Jost’s classical experiments on Phaseolus seedlings (1893) showed that 
severance of leaf-trace bundles in the middle of an internode interrupted their 
development below the point of severance, but not above it, although neither 
part could function normally. Jost concluded from the results of several 


1 Bower, in the new edition of his Botany of the Living Plant (1939) gives data (p. 594) 
relating number of xylem rays to diameter for roots of Colocasia, stems of Lycopodium, and 
thizomes of Psilotum, which fit well with this conception ; expansion growth in these cases 


appears to be uniform enough not to obscure the proportionality between circumference and 
number of repetitions. 
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experiments of this type that the development of the bundles is dependent 
upon the maintenance of continuity with the leaf to which it belongs. He 
also showed the connection between cambial activity in a woody twig and 
developing organs above the part in question. 

In herbaceous plants, cambial activity at any given level often exhibits 
local variations which are related to active development of different leaves 
above. In the sunflower this is conspicuously shown (Thoday, 1922). In the 
earliest phase of development of a particular internode the bundles connected 
with the next leaf above are precocious, and grow pari passu with this leaf. 
When the leaf is full grown, further growth of its leaf-trace is for a time greatly 
retarded, the intrafascicular cambium remaining relatively inactive and form- 
ing only a little parenchyma. Elsewhere at the same level other bundles con- 
tinue to grow ; some of the smallest, which represent the integration of leaf- 
traces from leaves higher up and still in active growth, develop into great 
wedges of secondary tissue, which come to be far more conspicuous than the 
erstwhile principal bundles. 

That the developing organs actually influence the growth of the stem below 
them, to considerable distances, is a natural inference from the correlations 
just outlined, as well as from the experiments of Jost. 

Strong support for the reality of such influences has been forthcoming from 
one of the most spectacular advances in knowledge in recent years—the dis- 
covery of chemical agents controlling growth, which was an outcome of 
investigations on the curvature of shoots in response to light. The greater 
growth of the oat coleoptile on one side, which produces curvature, has been 
shown to be due to the transport downwards of a diffusible chemical substance 
in greater amount on that side. Other tropic curvatures are similarly produced. 

The growth-promoting substances, called auxins, are highly active. One 


fifty millionth of a milligram produces a measurable effect on the oat coleoptile. 


The amounts present in plant organs is therefore extremely small, and this is a 
serious obstacle in the way of identification of such hormones. Nevertheless, 
the chemical constitution of certain natural auxins has been elucidated. 
Some other substances of simpler constitution, which can be synthesised in the 
laboratory, have also been found to influence growth in a similar way. 

Auxins have now been shown to be of very general occurrence. They are 
produced especially by actively growing parts of shoots—sprouting buds, shoot- 
tips and young expanding leaves. They not only influence growth in length, 
but also produce other effects which are of greater interest in the present con- 
nection. For example, they stimulate the production of roots from the base of 
cuttings. Both in this phenomenon and in the phototropic reaction the auxin 
moves normally only in the downward (basipetal) direction. ‘This polar trans- 
port is still not understood, but it is of the greatest significance. It has been 
conclusively demonstrated by quantitative experiments for the oat coleoptile 
and evidence is accumulating that it is the general rule. 

Another phenomenon in which auxins play a predominant part is the 
dormancy of lateral buds in the presence of an active terminal bud. If the tip 
of a shoot of a bean seedling is cut off, the buds in the axils of the leaves or 
cotyledons below become active and produce shoots. If, however, auxin is 
applied in a lanolin paste to the cut surface at the top, the sprouting of the buds 
is inhibited. 
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How auxin produces such effects is still under investigation. Experiments 
with defoliated lemon cuttings made by Cooper (1936) suggest that it may bring 
about or accelerate the basipetal transport of other substances, for, when a 
short piece was removed from the basal end of an auxin-treated cutting after 
40 hours, repetition of the auxin treatment did not induce it to form roots. 
Something else, it is thought, must have been accumulated in the base of the 
cutting and been removed with it. 

Later experiments by Went seem to point in the same direction. Went 
postulates special hormone-like substances, necessary for the formation of par- 
ticular organs, which he calls calines—rhizocaline, caulocaline and phyllocaline, 
for root, stem and leaf respectively—the movement of which is influenced by 
auxin. This is a revival in modified form of Sachs’ concept of ‘ Stoff und 
Form,’ for which indeed support has come recently from another direction. 

Since the remarkable discoveries of Garner and Allard, it is known that 
many plants require special conditions to bring them to the flowering stage 
and that, without these, they may continue to produce none but vegetative 
organs. The special conditions are sometimes a long day, sometimes a short 
day, according to the species. Some plants require treatment at a low or a 
high temperature during germination as well. Making use of these discoveries 
it is possible to keep one plant purely vegetative and induce another to flower, 
by giving each the appropriate conditions. Experiments by Hamner and 
Bonner (1938), Melchers (1939), and others have shown that a plant in the 
flowering phase differs from that still in the vegetative phase in the presence of 
diffusible substance. This will pass over from one to the other, if cut surfaces 
of the two are placed in contact, and induce the hitherto vegetative individual 
to flower. The substance is not auxin, nor apparently any of the other active 
substances previously encountered. 

Still another effect of auxin is of particular interest for the study of plant 
structure. It has been shown experimentally by Snow (1935) and confirmed 
by others that auxin stimulates cambial activity. Sdding (1937) has actually 
detected auxin in the cambium of trees in spring and summer. He states that 
it appears there a little in advance of the resumption of cambial activity in 
the spring. Since it is produced by developing buds and young leaves and 
travels downwards, the downward spread of cambial activity from the base 
of the awakening buds in spring is thus accounted for in terms of an effect of 
auxin which is experimentally demonstrable. The basipetal conduction com- 
bined with tangential localisation exhibited in this instance gives strong support 
to the interpretation, already suggested, of the localised cambial activity in the 
intact sunflower stem, as indicating a causal influence proceeding downwards 
from the actively growing leaves. 

Certain other phenomena involving localised growth have been traced to 
auxins or substances similar to them in their effects. In the stimulation of 
fruit growth, the production of root nodules in Leguminose, the proliferation 
of tissues associated with crown gall disease and the formation of insect galls, 
evidence has been found of the activity of auxins, though in gall-formation, at 
least, other stimulating substances may also be involved. 

Evidence has also been adduced of stimulating agents of a chemical nature 
liberated from wounded tissues themselves. Haberlandt (1913-14) distin- 
guished two factors co-operating to induce the cells below a wounded surface 
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to resume a meristematic condition and produce a periderm to cover the 
exposed tissues. These were the presence in their neighbourhood of damaged 
cells and of phloem. Application of the juice of mashed tissue caused un- 
damaged cells to start dividing and Haberlandt inferred the presence of a 
‘wound-hormone.’ Small pieces of tissue, however, showed cell division only 
if phloem was present. Activity was usually initiated first near the phloem 
and extended thence into the parenchyma farther from it. Haberlandt 
concluded that a second hormone, which he called ‘ Jeptohormone,’ was at 
work. 

Haberlandt’s wound-hormone did not meet at once with general acceptance. 
Priestley found the preliminary blocking of the cut surface by fatty materials 
an important factor. Recent experiments by Bonner and English (1938), 
however, appear to establish beyond a doubt that wound-hormones do exist. 
They used as test material the inner surface of broad bean pods and devised 
a technique for comparing quantitatively the effectiveness of various extracts 
and solutions. They succeeded in concentrating and purifying from extracts 
of bean pod tissue a highly active substance to which they gave the name 
‘traumatin.’ Heteroauxin and various other substances were quite inactive 
in comparable dilutions. 

Susceptibility to traumatin varies widely even among closely allied forms. 

As regards ‘leptohormones,’ Lamprecht (1918) obtained evidence of 
passage from one piece of tissue to another placed in contact with it, when the 
two pieces were from the same or from allied species. More distantly related 
or unrelated species gave negative results. 

It follows that neither wound-hormones nor leptohormones are identical 
for a wide range of plants, as the auxins appear to be. 

Brown’s experiments (1936-7) with Balsam Poplar also merit attention 
here. These have shown that in the neighbourhood of a wound the activity 
of the cambium is stimulated, an influence emanating from the wound itself 
supplementing that of auxin. 

The demonstration that such hormones exist and are effective in influencing 
plant development is of far-reaching significance. It is a challenge to students 
of plant structure to view their data dynamically. The statement that one 
part of a plant influences another is no longer to be understood merely as 
a convenient way of expressing a correlation, in a figurative sense, but is a 
legitimate hypothesis in a causal sense. The corollary is that the processes 
of development and differentiation should be closely followed and analysed, 
with the definite object of revealing the causal sequences and interrelations 
and framing the fundamental questions which await experimental solution. 
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Let us turn now to the other main line of anatomical investigation, phyletic 
studies. 
The evolution theory gave a new meaning to natural relationships, as 
revealed by the systematist, and a new aim to the systematist himself. Pre- 
viously a natural system was conceived as a system of classification depending 
on the balance of similarities, estimated from a consideration of all the 
characters of the species, as compared with an artificial system depending on 
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particular characters selected for their convenience. The ancestry of species 
now became, in theory, the main basis for a natural classification, to which 
indeed other evidences were to be subservient. 

The aim thus became the construction of an evolutionary tree, not just a 
map of the foliage as seen from above. Early work with this aim was enthu- 
siastically undertaken and led to the accumulation of a vast amount of new 
knowledge, in breadth and in detail, about the range of form and structure 
in the vegetable kingdom. The main hope was, however, deferred. It was 
soon realised that, as similarities in some features are often accompanied by 
dissimilarities in others, similarity might not always signify relationship. 
Fossils themselves, moreover, provided clear evidence that similar organs or 
structures have been evolved independently along different lines, by different 
phyla, so that the possession of seeds, for example, is not evidence of common 
ancestry for all seed-bearing plants. 

Modern genetics reveals, as the most prolific cause of variation, irregularities 
in the process of nuclear division and the behaviour of the chromosomes, and 
changes in the substance or structure of the chromosomes, which appear to be 
entirely erratic and haphazard. 

If, however, we turn from the minor variations which differentiate species 
and horticultural varieties and survey the major events that have marked the 
evolution of plants, it is difficult to regard these as haphazard. Besides seeds, 
already mentioned, a number of features are found with even wider distribu- 
tion, common to groups which cannot be traced to a common origin. Such 
are the alternation of sexual and asexual generations, traceable throughout 
vascular plants, in Bryophyta and in many Thallophyta; archegonia; the 
formation of spores in tetrads, following a reduction division ; air-space 
systems in the sporophytes of land plants, and stomata associated with them, 
remarkably similar in general plan and behaviour in different groups ; 
vascular tissues, showing an astonishing degree of resemblance in detail over 
a wide range of vascular plants and, in the case of sieve-tubes, found in some 
seaweeds as well ; then fertilisation, evolved also in the animal kingdom, and 
the cell as the unit of construction in plants and animals, with nucleus differ- 
entiated from cytoplasm in all but the lowliest organisms ; the nucleus with 
its chromosomes and their highly organised behaviour in division. The 
enumeration need not come to an end on the plane of cellular, structural 
organisation, for chemical parallels are quite as remarkable. Consider, for 
instance, the similar enzymes and enzyme complexes responsible for carbo- 
hydrate metabolism in yeast, in the higher plant and in animal muscle ; the 
hemins found in plant and animal cells alike, and the related substances, 
chlorophyll in the green plant and hemoglobin in animal blood, with uniquely 
important functions. Finally there are the proteins and other important basal 
constituents of living matter. 

The idea was suggested by F. F. Blackman in 1921, in reference to Nef’s 
work on the interchangeability of carbohydrates, that the biologically im- 
portant carbohydrates are just those which are chemically most likely to arise— 
most readily formed, most stable, etc. May we not extend this idea to explain 
the universality of particular chemical compounds or radicles—like the amino- 
acids, limited in number, found in protoplasm ? 

The picture of the origin of life presented by Oparin, in a book recently 
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translated into English, suggests very forcibly the idea that inherent chemical 
probability determined the occurrence first of simple carbon compounds, such 
as are still present in the atmospheres of the outer planets, then of more 
complex compounds formed from them, and colloidal substances and associa- 
tions of substances, many of them with catalytic properties. The particular 
substances formed must have been influenced by the general or local conditions 
existing at the given epoch. Moreover, the formation of more complex 
compounds would be less frequent than that of the simpler ones, by reason of 
the greater number of units co-operating to form them and the smaller 
probability of the necessary contacts ; but the uniqueness of events leading to 
the origin of living matter has probably been exaggerated. 

The conditions for an epoch-making event like the arrival of chlorophyll 
were provided by the previous course of chemical evolution, in common 
characters of living matter, and by particular variants of them under particular 
conditions, which may have occurred but rarely in combination, but are 
hardly to be envisaged as unique. 

The production of chlorophyll was epoch-making because it made possible 
the organisation of a photosynthetic system, far more efficient than any 
pre-existing photochemical system, which must have starved out all others by 
reducing to a very low level the concentration of carbon dioxide in the medium. 

This example will suffice to suggest, in addition to the principle that new 
features arose because their occurrence had become in some degree inherently 
probable, a second, namely, that having arisen they survived because they 
found a place in a dynamic system, harmonising and co-operating with it. 
Notice that it was not merely chlorophyll that was evolved, but a system 
that could produce chlorophyll, one derived presumably from a pre-existing 
system capable of producing pyrrol and hemin compounds. It is that which 
is passed on from one generation to the next. 

If it is legitimate to regard chemical events in this way, as occurring with 
a frequency concordant with their inherent probability, may we not carry this 
idea on to the higher plane of cellular organisation and structure? To do so 
is to direct attention to the nature of that stability and developmental harmony 
which are so conspicuous a feature of living organisms ; for persistence and 
occurrence become more and more determined and limited by the pre-existing 
system through which evolution works. Cytogenetics has familiarised us with 
lethal genes which do not harmonise with the remainder of the system and 
are therefore eliminated. Natural selection of harmonious changes may have 
been more important than elimination of functionally unfit mature organisms. 
It is developmental harmony which is important, of which functional efficiency 
of adult organs is but a part. 

We are thus once again led to the consideration of development. If we 
can obtain light on the laws of harmonious development, we may be in a 
better position to understand the nature of those major changes which the 
great pageant of evolution unfolds. 

It is perhaps hardly necessary to re-emphasise the causal nature of the 
problems ; but it may be well to point out that comparison of successively 
formed parts of the same individual shoot is not necessarily a developmental 
study. There is no developmental connection between successive mature 
leaves. The causal sequence is from young primordium to the mature leaf, 
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and, in the apex itself, the sequence of phases through which it passes, affecting 
its form and scale and the nature of the promordia that arise from it. 

Similar considerations apply also to phyletic morphology. If comparative 
morphology suggests that a particular course of evolution is probable, on the 
ground that a series of forms can be arranged in a graded sequence, it must 
not be overlooked that they cannot be treated as three-dimensional patterns, 
as some recent speculations on the evolution of fossil leaf-forms appear to do, 
without regard to their modes of development. ‘The patterns to be compared 
are four-dimensional. 

A relevant illustration is afforded by the use which has been made of the 
woodiness of the lower parts of the stem of many herbaceous Dicotyledons, 
as an argument for the evolution of herbs from trees. This woodiness has been 
treated by some as a primitive character and the diminishing woodiness 
upwards as an instance of the recapitulation in ontogeny of the presumed 
phylogenetic sequence. Close examination of the phenomenon in the stem 
of the annual sunflower (Thoday, 1922) has shown that the differences between 
different levels depend mainly or solely on two factors. The first of these is 
the small size of the seedling stem and the increasing scale of all the new parts 
as the plant grows. The second is the longer time that the basal internodes 
have, in which to form secondary tissues, before the life cycle comes to an end 
with the production of seed. When allowance is made for these factors, the 
fundamental features of the development of stem structure are identical at 
all levels, except at the very base, where the transition to root structure 
necessarily involves accommodation between stem and root. Any sound basis 
for application of the recapitulation theory thus vanishes. 

Analysis of the differences between the developmental organisation of the 
stem in herb and tree does, however, enable us to understand better the nature 
of the fundamental changes that must have taken place if herbs were evolved 
from a primitively woody group. In the sunflower more parenchyma is 
developed in proportion to vascular tissue and the primary rays between the 
bundles appear to separate them physiologically, so that the stimulus to 
cambial activity from the developing leaves is tangentially localised. In trees 
it is more evenly distributed. The bundles of the sunflower stem show indeed 
a remarkable degree of independence of the tissues around them, and cause 
considerable disturbance by their growth. It appears likely that transport of 
hormones or food materials or both is canalised to a much greater degree than 
in trees. 


SEEDLING STRUCTURE. 


As an example of the application of causal principles to old problems 
I propose to consider the structure of seedlings. The study of this subject had 
reached a peak in Britain when the Association last met in Dundee, and 
Miss Sargant took it as the subject of her Presidential Address to this Section 
at Birmingham in the following year. 

British workers had approached the subject with a phyletic aim, largely 
encouraged by the success which had attended the study of fern sporelings, in 
which the earliest vascular systems were of primitive type, and transitions from 
the simple protostele to more complex arrangements in the grown fern plant 
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appeared to be obvious recapitulations of the phases of increasing complexity 
through which the ancestors had presumably passed. It was expected that 
primitive features would be discoverable also in the seedlings of higher plants. 

The ways in which the transition is effected from the arrangement of tissues 
characteristic of the root to that characteristic of the stem had already been 
surveyed and classified for mature seedlings by van Tieghem, who emphasised 
the functional continuity of tissues from root to shoot. The later more intensive 
study of seedlings in various stages of development led, however, to the dis- 
covery that root structure was often to be found above the root in the hypocotyl, 
and that exarch xylem strands directly continuous with exarch xylem poles 
of the root might even extend into the cotyledons. Phloem occurs in two 
strands on the flanks of this xylem. More xylem is formed later on the inner 
side of each phloem strand. The resulting arrangement was described by 
E. N. Thomas as a double bundle, by Gravis as a ‘triad.’ It was held by 
them and others to be of phylogenetic significance. 

Chauveaud demonstrated that the exarch xylem pole is a more general 
feature of the hypocotyl of seedlings than had previously been suspected. It 
had often been overlooked because, although it is commonly present at a very 
early stage, it often disappears during the growth of the seedling, being disrupted 
by the expansion of the tissues around it, or even actually resorbed. Chauveaud 
too regarded the exarch protoxylem as a relic of primitive ancestral structure. 
He described the sequence seen in the differentiation of the xylem, first 
centripetal, then lateral and finally centrifugal, on the inside of the two flanking 
phloem strands, as a recapitulation of vascular evolution by the course of 
development at one level. He also claimed that this change from centripetal 
to centrifugal differentiation of xylem occurred more rapidly at higher levels, 
so that in this sense there was a recapitulatory sequence to be observed from 
below upwards, the root retaining the primitive arrangement longest. In the 
epicotylar stem the early phases are generally omitted entirely and only the 
centrifugal phase occurs. 

The British and French schools present an interesting difference. The 
former, by a wide comparative study, sought for evidences of relationship 


which would help to fill in the gaps left by fossil evidence, and assist the ~ 


reconstruction of the phylogenetic history of the different groups of plants. 
The French school studied fewer examples intensively and was interested in 
the evolution of types of structure rather than the phylogeny of groups. 

Both schools eventually developed cleavages. The broad survey achieved 
by British workers revealed large differences within closely related groups, 
which made it more difficult to interpret resemblances as of phylogenetic 
significance. A high degree of correlation was observed, on the one hand, 
between slender smallness of seedlings and diarch root structure, with two 
xylem poles extending right up the hypocotyl; and, on the other hand, 
between large diameter and tetrach or polyarch structure, with stem-like 
pattern in the hypocotyl. Number of bundles in cotyledons and hypocotyl 
was correlated with size of cotyledons, and the diameter of the hypocotyl was 
also correlated with number of bundles. Both Compton (1913) and T. G. Hill 
and de Fraine (1913) emphasised seed size as an important factor influencing 
seedling structure, the latter authors referring to the need for more knowledge 
of the interrelationships of plant members and the influence of environ- 
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ment, ‘in a word, the influence of physiological necessity on morphological 
expression.’ 

Another factor of a similar kind was the influence of the plumule, the traces 
from which, when precocicusly developed, shared with the cotyledon traces in 
the early structure of the hypocotyl. In certain cases, particularly among the 
Amentifere, the traces from the plumular leaves were found to be triads like 
those from the cotvledons (Davey, 1916), and these with their central xylem 
strand extend above the cotyledonary node into the epicotylar stem itself. 
Phylogenists were inclined to interpret this as a more extensive persistence of 
primitive structure in a relatively primitive group. It appeared also to provide 
support for Chauveaud’s notion of ‘ virtual suppression’ of the centripetal 
xylem in the cpicotyl in other cases. But the occurrence of a root-like solid 
core of xylem in the epicotyl of the Viciee, an advanced group among the 
Leguminose, hardly harmonises with phyletic ideas, as Compton pointed out, 
and makes phylogenetic interpretations appear less certain. Thus opposing 
views emerged, the one emphasising the general features as of broad phylo- 
genetic significance ; the other pointing to the variations, related to functional 
requirements, as discounting any such presumption. 

The French and Belgian anatomists, working intensively rather than ex- 
tensively, diverged regarding the nature and mode of achievement of con- 
tinuity between root and shoot. Chauveaud found the first xylem strands in 
the young seedling continuous from root to cotyledons from the beginning, and 
regarded the seedling axis as a unitary formation, with initially primitive 
structure. The root retained longest this primitive arrangement which reached 
its greatest development there ; but with distance above the root a transition 
to the more advanced structure characteristic of ordinary stems took place 
more and more quickly. 

It was this view of ‘ basifugal acceleration,’ as Chauveaud called it, which 
was controverted by Bugnon in 1922 on the ground that the acceleration was 
only apparent and was really due to the greater disorganisation of the early 
phase in the upper part of the hypocotyl by intercalary elongation there. 
Behind this criticism, however, was a fundamental difference of attitude. 
Bugnon doubted the validity of the recapitulation theory as applied to seedlings 
and tried to approach the facts objectively, without phyletic aim or preconcep- 
tions, from the developmental point of view. He first compared the origin and 
development of the vascular traces of cotyledons and foliage leaves. As has 
been recognised since the work of Sanio, the differentiation of the leaf-trace 
bundles progresses basipetally from the node. Bugnon observed that in Mer- 
curialis annua, as in many other plants, they normally fork into two, so avoiding 
incoming bundles immediately below, before uniting with other bundles lower 
down. The cotyledon traces likewise fork, though they do this sooner and in 
relation to the vascular system of the root. According to Bugnon, there is 
nothing peculiar about a double bundle ; it is a normal feature of the con- 
junction of leaf traces with a vascular system already present in the axis. 

Turning to the radicle, Bugnon notes that the root structure is quite typical. 
All other roots, however, arise from organs already differentiated. They form 
their own characteristic pattern of vascular arrangement, and this is linked by 
commissural elements to the appropriate tissues already present in the parent 
organ. In the case of the radicle, an exactly similar root apparatus has to be 
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linked up, not with tissues fully differentiated, but with tissues still in a meri- 
stematic condition. The connecting tissues are therefore similar to ordinary 
conducting strands, not special commissural elements. In fact, the exarch 
xylem strands are continued upwards through the hypocotyl to a point just 
below the fork in the cotyledon trace. Bugnon points out that when the exarch 
protoxylem is formed the distance is very short, and centripetal protoxylem 
could be propagated without hindrance in the procambial tissue of the 
hypocotyl. 

Bugnon thus regards the process as one of conjunction (raccord) of two 
separately initiated systems, which as far as the xylem is concerned are dove- 
tailed together, not continuous initially. This view has much in common with 
those put forward by Dangeard, Sterckx and Gravis ; but his interpretation, 
as far as it goes, does seem to be causal, not purely formal. 

Like the earlier view of Sterckx, it implies distinct and well-defined 
categories of plant members. British anatomists were no more willing than 
Chauveaud to accept this basis, since they saw in the root stele a representative 
of the primitive protostele which they regarded as the prototype from which 
stem steles were also evolved. They thought of the root as therefore but a 
specialised part of a primitively undifferentiated branching axis, which had 
retained primitive features in relation to the function it had assumed in the 
course of evolution. They were unable to regard the seedling axis as anything 
but a unity from the beginning, an organ which must from a remote ancestry 
have had its own inherent vascular pattern, whereas Sterckx made a ‘ patch- 
work ’ of it (Compton, 1913). 

In trying, however, to assess the value of Bugnon’s interpretation it must, 
I venture to suggest, be admitted, that phyletic considerations are irrelevant 
to the question exactly how given structures arise during the development of 
the individual plant. 

Bugnon did not, as far as I am aware, attempt to extend the same principles 
of interpretation to the wider range of facts which have been brought to light, 
and it appears worth while to see how far this can be done. 

In the first place, from a causal point of view, certain principles may be 
regarded as established. 

The first is the power of self-determination inherent in growing organs 
and especially in apical growing points—each developing a characteristic 
pattern of external form and internal structure. 

The second is the influence of apical developing organs on the structure 
of other parts still capable of growth—this applying particularly in the basipetal 
direction and therefore mainly to the influence of the shoot apex and young 
leaves on the parts below them. 

With regard to the root, a spectacular demonstration of its power of self- 
determination has been provided by Philip R. White who, following on the 
pioneer work of Robbins and Maneval, succeeded in 1934 in proving that root- 
tips cut from the plant can be grown continuously for years in a nutrient solu- 
tion containing the essential salts, sugar, and a small concentration of an extract 
of yeast. Further investigations by him and others have shown that the im- 
portant constituents of the yeast extract are vitami: B,, or precursors of it, and 
traces of accessory mineral elements. Certain amino-acids are at least bene- 
ficial ; but Robbins and Schmidt (1938) have recently found that tomato roots 
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require no other source of nitrogen than nitrates and so must be able to 
synthesise amino-acids for themselves. 

In the intact plant, roots obtain mineral elements direct from the soil. It 
is clear therefore that they need nothing more from the shoot system than 
carbohydrate, vitamin B, and perhaps amino-acids. Given these nutritive 
materials the growing point of the root is able to produce indefinite lengths 
of normal root, in the absence of any stimulating or regulating influence from 
the shoot. This has been demonstrated for plants as different as tomato and 
wheat, maize and pea. It may be remarked in passing that separation of a 

root-tip from the whole ae does not induce it in these instances to regenerate 
the missing parts. 

The structure of the roots in these cultures is the normal primary structure. 
They branch freely by the production of endogenous lateral roots in the usual 
way. It is of great interest, however, to learn that in Dicotyledons (pea and 
tomato) no secondary growth occurs, as it would if the roots were attached to 
the plant ; no cambium is formed, nor any secondary periderm. 

The root system, then, is completely self-determining as regards its primary 
structure. 

It might be objected to this conclusion that the root-tips in cultures all 
came from other roots, developed initially in organic union with shoots, and 
that the characteristic pattern of the root stele is not inherent in the root apex 
but induced. Doubtless the initial orientation of the pattern is influenced in 
many cases by the position of the root primordium in relation to the tissues 
adjoining it. The lateral roots of Dicotyledons commonly have a diarch xylem 
plate, orientated parallel to a xylem strand in the parent root to which it is 
joined by linking elements. It has been shown, too, by Jost that, if a tip is 
removed from a root and it regenerates a new tip, the vessels formed are mostly 
in continuation of those already present in the stump. 

Nevertheless, the impression remains that the pattern itself, as distinct from 
its orientation, is inherent in the root-tip. Its essential features persist in spite 
of changes in the number of strands. 

Further evidence pointing in the same direction has been obtained in 
investigations, parallel with the culture of excised roots already described, but 
aiming at discovering the smallest portion of root-tip which is able to grow 
normally. As long ago as 1922, Kotte recorded that tips of pea roots only 
1 mm. long, half of which was root-cap, produced 2 or 3 cms. of normal root, 
with triarch xylem and typical endodermis and root hairs. Similar results 
were obtained by Scheitterer in 1931 and by Robbins, Bartley and White in 
1936. These latest results with maize, pea and wheat roots appear conclusive. 
Wheat root-tips cut off at the base of the meristem formed complete roots, 
while the stumps regenerated new meristems. Maize tips cut obliquely or 
longitudinally into pieces formed complete roots if they included part of the 
plerome. The root-cap of the maize roots was about 0-32 mm. long ;_ but, 
on agar medium, tips only 0-5 mm. long or less grew in a good proportion of 
cases, and those 0-8 mm. or over in practically 100 per cent. Of course, the 
proportion of successes rapidly diminished below 0-5 mm. but the smallest to 
grow was only 0-32 mm. long, i.e. the average length of the root-cap. It is 
difficult, in the face of these results, to suppose that the meristem always 
included tissue in which the pattern of differentiation had already been induced, 
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particularly as, in some experiments with both maize and pea roots, tips were 
cut longitudinally into three slightly unequal pieces, two of which produced 
whole roots of normal structure. There is also evidence of half root-tips re- 
generating whole tips. Scheitterer expressed the definite conclusion that the 
root-tip initial cells—the ‘ archimeristem ’—govern the differentiation of the 
primary tissues, excepting the formation of root hairs. 

In the large adventitious roots of many Monocotyledons, it is particularly 
evident that no relation exists between the pattern laid down in the root 
primordium and that already present in the stem to which it has to be 
connected. 

The repetitive nature of the pattern and its inherent stability also become 
more obvious. The alternation of exarch xylem strands with phloem strands, 
in a ribbon with definite radial polarity, expresses a harmonious balance of 
influences and developmental processes. The fundamental uniformity of the 
root pattern throughout the great majority of vascular plants is further evidence 
of this inherent stability. 

When we turn from large-scale to small-scale roots the number of repetitions 
is less, but the unit remains the same. The smallest expression of the pattern 
that is radially symmetrical is a diarch stele, and this is actually the arrangement 
in the smallest roots of Phanerogams, though monarch roots occur in some 
Pteridophyta. 

In palms, where the roots may be exceptionally large, complications of 
structure were described by Drabble in 1904 which indicate that there are 
limits of size beyond which the simple cylinder becomes unstable. In extreme 
cases a number of separate steles, each similar to a polyarch root stele, are 
differentiated. These generally show incompleteness on the side towards the 
centre of the root, the endodermis being absent, or a gap occurring in the ring 
of vascular strands itself. In other cases there are a number of arcs of the 
typical root pattern, with incurling ends, or the single cylinder is lobed. 

Drabble’s observations also show that under certain conditions the pattern 
can be broken up still further. He figured not only complete diarch, triarch 
and tetrarch steles, without pith, among the smallest fragments, but also others 
consisting of one xylem strand and one or two phloem strands, or two xylems 
and three phloems. A fragment with one xylem and two phloem strands 
represents the smallest expression of the pattern, which is bilaterally, not radially 
symmetrical, not a closed cylinder but an open arc. 

To turn to the shoot : it will probably be admitted that the shoot apex is 
a self-determining and dominant centre of development. It controls the 
polarity of the shoot, and round it the repetitive pattern of leaf primordia 
unfolds. The apical bud as a whole controls also primary development and 
secondary growth in the stem below. There is much in the system of relations 
exhibited which is reminiscent of the part played by organisers in the develop- 
ment of animal embryos. 

The influence of the shoot apex may be very extensive. Evidence regarding 
the sequence of renewal of cambial activity in trees, the downward spread of 
secondary growth in roots, and the absence of secondary growth in excised 
roots in culture lend colour to the idea that cambial activity in roots, where 
present, is initiated by a stimulus from the shoot. 

In the determination of primary structure in the stem the leaf primordia 
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play a predominant part. The number of vascular strands in the leaf base 
depends partly on hereditary factors, but partly on size. This is particularly 
clear in Monocotyledons, where the bundles arise in succession, separated by 
parenchyma, as the new leaf primordium extends round the apex. 

Now, in seedlings the conditions are unique. At two ends of a short 
meristematic axis are two self-determining centres of different kinds in close 
proximity, two opposite poles, a shoot pole and a root pole, each of which is 
capable of impressing its own inherent pattern on the meristematic tissues to 
which it gives rise. Under these conditions we cannot assume that the spheres 
of influence of each will be sharply defined, nor that they will necessarily be 
fixed. If the influence of the poles depends on hormones emanating from 
them, the boundary might well change with changes in relative vigour of the 
two organising centres, and differ also from one species to another. 

It appears reasonable, therefore, as a working hypothesis to interpret the 
structure of seedlings in the following way : 

(1) The cotyledons and, if the plumule is precocious, the plumular 
primordia, influence the number of procambial strands in the hypocotyl and 
its diameter growth at an early formative stage. The form of the cotyledons 
plays a part. Nutritive and other factors subsequently affect the expansion 
of the hypocotyl and the degree of separation of the bundles by parenchyma. 

(2) Differentiation within the strands of procambium is controlled initially 
by the root apex in the majority of cases, but to a variable distance upwards. 
The triad represents the smallest unit of the root pattern, existing as a detached 
arc, whether in the hypocotyl or a dorsiventral cotyledon. 

(3) In the upper part of the seedling, sometimes only in the blade of the 
cotyledon, sometimes also in the petiole, or even lower, the shoot itself holds 
sway, and in place of a triad is found a single bundle. The intervening region 
is one of compromise and accommodation between the two patterns. 

(4) With increasing activity of the shoot, further development is stimulated, 
from above downward, in the formation of centrifugal xylem on the inside of 
the phloem strands. These appear to be the main channels of the basipetal in- 
fluence. In Dicotyledons the centrifugal xylem is commonly if not generally the 
result of cambial activity, which ultimately extends down into the root itself. 

Where transverse growth in the hypocotyl does not bring about too early 
a separation of the constituents of the original triad, differentiation of xylem 
can be seen to proceed, as Bonnier emphasised, from protoxylem towards 
phloem, whether in triad, collateral bundle, or intermediate arrangements of 
the two tissues. Chauveaud’s ‘intermediate xylem’ probably depends in 
part on displacements resulting from expansion in diameter during vascular 
differentiation. 

One factor in the determination of the relative preponderance of root and 
shoot is very probably the production of auxin by cotyledons and plumule. 
It is not without interest therefore that in seedlings of Cucurbita (Chauveaud, 
1921), where the transition occurs at an exceptionally low level, practically in 
the root itself, adventitious roots appear very early from the base of the 
hypocotyl, as might result from an early accumulation of auxin there. It is 
in any case desirable that a comparative study of auxin concentrations in 
different parts of seedlings at different phases of development should be 
undertaken. 
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There can be no doubt that auxins may be applied with advantage in the 
experimental analysis of development. S. Williams (1937) has used hetero- 
auxin very effectively in the study of the rhizophores of Selaginella. These 
arise from meristems found where the stem forks. Normally they grow 
down to the soil and there produce roots. If, however, the branches are 
removed early enough the meristem produces a leafy shoot. Application of 
hetero-auxin paste to the stumps of the branches induces the formation of 
a positively geotropic rhizophore. The behaviour of the angle meristem 
therefore depends on the concentration of auxin. Williams describes a case 
of a positively geotropic shoot which suggests that tropic behaviour and 
morphology are not completely correlated. It is to be hoped therefore that 
quantitative experiments, with different concentrations of auxin, will be made, 
to see how far the rhizophore and the shoot' are distinct alternative modes of 
development : for whereas in Phanerogams auxin determines dormancy of 
lateral buds and plagiotropism of lateral branches, in Selaginella a flow of 
auxin towards the angle meristems not only determines their polarity but also 
induces root-like structure, though the root-pattern is not completely realised 
until new endogenous growing points arise.2_ The example may serve to bring 
home the fact that the pigeon-holing of organs in morphological categories 
is but a preliminary step towards the investigation of their fundamental nature. 

If the interpretation of seedling structure here outlined be accepted, no 
evidence of recapitulation is left. Even among zoologists the recapitulation 
theory is a controversial subject. The case for its application to plants has 
always been weaker. Even the sequences in vascular structure exhibited by 
ferns may depend rather on increasing scale than on any recapitulatory change 
in organisation during the ontogeny of the individual, as Lang pointed out in 
his address to this Section in 1915. Identity of type at the earlier stages may 
mean that only the simplest arrangement is possible on so small a scale. 
Capacity for complexity may be present from the beginning, yet only be 
gradually revealed as greater scope is provided for its expression. A considera- 
tion of the prevalence of a central strand of xylem in slender organs, and in 
so wide a range of examples as the rhizome of Rhynia, the gametophyte of 
Psilotum (Holloway, 1939) and the young endophytic strand of the little 
mistletoe, Arceuthobium pusillum (Thoday and Johnson, 1930), shows that such 
features may be common to quite unrelated forms, and to organs that are 
not homologous. 


I have emphasised in this address aspects of the study of development in 
which the activity of the living cells finds obvious expression. I am fully alive 
to the importance of purely mechanical, physico-chemical and metabolic 
factors in the development of form and structure, such as have been emphasised 
by Priestley. Nor do I forget d’Arcy Thompson’s Growth and Form, which has 
been a stimulus to many biologists and a delight to all who appreciate boldness 
in generalisation and elegance in presentation. Yet these deal only with aspects 
of the larger problem. 

We have seen how a substance of known composition, auxin, acts as an 
agent in the co-ordination of different parts of a plant, but this does not mean 


2 It is conceivable from a causal point of view that a rhizophore might be a sort of chimera, 
with a core of root inside a skin of shoot. 
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that we can explain the activities that are co-ordinated. Great as have been 
the advances in biochemistry, we are not yet furnished with the means of 
expressing in physico-chemical terms the delicacy and subtlety of the adjust- 
ments exhibited even in plants. 

Take, for example, the adhesive disc and haustorium of a mistletoe seedling. 
This remarkable organ is the result of a series of co-ordinated responses in the 
growth of the little green meristematic knob from which it arises. Contact 
pressure leads to one-sided growth, by which it brings itself face downward 
on to the surface, to which it adheres with the aid of a special viscous material 
(with the properties of a semi-fluid cuticle). There follows further growth of 
its now dome-shaped outer shell, the edge of which moves slowly outwards 
as the area of attachment widens. Under the dome, cells of the lower surface 
grow out as papillae, which adhere closely to the epidermis or cork of the host 
twig. By the outward and upward movement of the growing shell and a 
contraction of tissue within it, the papille are lifted sideways and the adhering 
outer protective layer is torn up. Then new papille fasten themselves to the 
next cork layer and the tearing process is repeated. In this way several such 
layers may be picked up till a breach is made in the periderm, giving access 
to the living tissues within. Through this slit the wedge-shaped haustorium 

TOWS. 

’ To think of the inheritance of such an adaptation to the parasitic mode of 
life merely in terms of chemical substances in chromosomes is at present to 
underestimate or ignore the complexity of it, for which as yet we have no 
adequate physico-chemical parallel. It may be less misleading to use the 
analogy of the inheritance of instinct in animals, which must presumably 
have a material basis in the genotype, though of what kind we have little 
conception. 

It is strikingly obvious in a specialised organ such as this, where growth is 
closely and uniquely adjusted in response to a particular environment and in 
relation to a peculiar, special mode of life, that structure and behaviour are 
interdependent. ‘There is, however, no logical justification for neglecting to 
interpret the development of ordinary plant organs on similar lines. The main 
difference is that the cells respond chiefly to internal influences, though the 
organ as a whole exhibits tropic curvatures in response to appropriate external 
stimuli. 

Time does not permit me to pursue this line of thought further. I will 
only refer to the work that has already been done by Schiiepp, Priestley, 
Adriance Foster, Helm, Grégoire, Snow, the veteran Schoute, and many others 
towards the elucidation in detail of the course of differentiation in the shoot 
of Dicotyledons and Monocotyledons, from which are gradually emerging 
a better understanding of the principles of their developmental organisation. 


It is one of the privileges accorded to occupants of this chair that they 
may throw off for a while the inhibitions inseparable from the diligent pursuit 
of specialised research and express views on broader aspects of Botany. I have 
taken full advantage of this privilege, even, some may be thinking, to the 
extent of indulgence in speculation. Yet without imagination our green field 
would become a valley of dry bones. Imaginative thinking is legitimate 
when it provides new hypotheses, capable of verification, or stimulates further 
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investigation. It may also serve a useful purpose if it merely helps to pre- 
vent the ossification of theories into dogmas, or exercises a solvent action on 
views already hardened by long acceptance, like arteries with age. 

For wandering in the field I need make no apology. In Section K we have 
always prided ourselves on being botanists first, specialists second. In this 
spirit we have resisted the tendency to segregate the physiological from the 
morphological aspects of our science. I am, I believe, upholding the best 
traditions of the Section in attempting to promote the fruitful union of these 
two aspects of the study of structure. 
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SECTION K.—BOTANY 
COMMUNICATIONS 


Dr. G. Bond.—The occurrence of excretion of fixed nitrogen from leguminous 
root nodules. 

A report is presented of investigations on the identity of the factors that promote 
excretion of fixed nitrogen from leguminous root nodules and the utilisation of the 
excreted products by associated non-leguminous plants. Particular attention is 
paid to the importance of light-intensity and the nature of the rooting medium. 


* * * 


Mr. G. P. Majumdar.—Development and structure of protoxylem vessels in 
Heracleum. 

Protoxylem vessels develop from the procambium, and in leaves also from the 
cambium. These cells, by their growth in length and volume, develop directly into 
vessel segments. The spatial adjustment during this period may be brought about 
by the radial longitudinal division of the adjacent parenchymatous cells, or by 
their flattening and distortion. 

Breaking down of the end-walls takes place very early when the walls are ex- 
ceedingly thin. The protoplasts, however, do not fuse after this, but remain as 
‘ files of protoplasts.’ Pectin films are present in the planes of the transverse walls, 
and the protoplasts apparently lead an independent career until their disintegration 
at the completion of lignification. 

Secondary thickening of the wall begins only after the vessel segments have 
attained their definitive size and form. It is preceded by the banding of the peri- 
pheral cytoplasm in the same pattern as the subsequent thickenings, of which these 
bands form the basis. The position and pattern of these bands are associated with 
the process of pecto-cellulose deposition on the primary wall, and on the pectin 
films in multiperforate vessel segments. This forms the bases of the bars first 
described by Rothert in 1899. The bars and their basis are thus different in their 
chemical nature and method of deposition. After completion of the thickening, 
which is chemically pecto-cellulose at this stage, lignification proceeds from its 
central region. Examination under the polarising microscope supports this 
conclusion. 

The same stages have been followed in the differentiation of metaxylem vessels. 


* * * 


Mr. J. G. Boswell.—Observations on the anaerobic respiration of potato tubers. 


Several workers have observed that, when potatoes are transferred from air to 
nitrogen, the rate of carbon dioxide output rises after a short interval above the ‘ air 
line’ value. This increase is not maintained over any very long period, and the 
rate of output subsequently falls and passes below the ‘ air line.” This phenomenon 
has, of course, been observed with other bulky tissues, and from experiments with 
the apple, F. F. Blackman put forward the theory that ‘ oxidative anabolism ’ 
occurred during aerobic respiration. 

The work recorded in this paper is an examination of the possible causes of this 
temporary rise in the carbon dioxide output from the potato tuber. As far as this 
tissue is concerned the results obtained show that the increased carbon dioxide 
output on transference from air to nitrogen is due to certain purely chemical changes 
in the tissue under anaerobic conditions, and is not evidence of the existence during 
aerobic respiration of oxidative anabolism. 


* * * 
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Mr. K. Wilson.—The uptake of water by cut shoots of Ranunculus fluitans. 


The methods which have been used in the measurement of water uptake by cut 
shoots of submerged aquatic plants are outlined in relation to the peculiar problems 
involved, which arise from the specialised plant structure and physical conditions 
associated with the aquatic habit. A new form of potometer has been designed to 
overcome these problems. 

Observations on water uptake by cut shoots of Ranunculus fluitans are described. 
The rate of water movement, normally small, can be greatly stimulated for a period 
by the presence of various solutes. This increased rate greatly facilitates observa- 
tions, and allows changes in the rate of uptake to be observed over short periods of 
time. It has therefore been made use of for the application of other experimental 
treatment. It is shown that the removal of the terminal leaf hydathodes greatly 
reduces water uptake, indicating the part played by these structures in the main- 
tenance of the ‘ transpiration’ stream, which in the absence of any evaporational 
mechanism would appear to involve the expenditure of energy by the plant. In 
this connection some observed effects on water movement of low concentrations of 
alcohol and cyanide are of interest. 


* * * 


Dr. R. F. Jones.—Effect of salts and other substances on the respiration of Elodea 
canadensis. 


The apparatus used in the present work on respiration and the application of 
Krogh’s modification of the Winkler method are briefly described. 

Any stimulation of the rate of respiration in the presence of salt solutions is of 
a temporary nature and the onset of a low respiration rate occurs both in salt solu- 
tions and in water only, after a period of continued darkness. The onset of this 
low rate cannot be obviated by the use of carbohydrate solutions alone. 

In the presence of asparagine solution (0°05 per cent.), however, a moderate 
steady rate may be maintained in darkness over a period of days. This may also 
occur in an asparagine plus salt solution, when the concentration of the salt is not 
too high. Further, an increased rate in the presence of glucose cannot be main- 
tained without the additional presence of asparagine (the only organic nitrogenous 
compound used in this work). 

It would appear that the final effect in the production of a low rate of respiration 
in continued darkness, in the presence or absence of salts or of carbohydrate, is in 
some way connected with a protoplasmic factor or of some related part of the nitrogen- 
metabolism. 


* * * 
Prof. J. Walton.—The Scottish National Forest Park. 
* * * 


Dr. G. F. Asprey.—Vegetation of the Isle of Canna, Inverness-shire (results of the 
Glasgow University Expedition to Canna, 1938). 

Broadly speaking, the natural vegetation of the island is readily seen to be related 
to its general topography and climate. The island of Canna consists of a central 
plateau varying from 100 ft. to 600 ft. high and divided into eastern and western 
halves by a relatively broad depression extending from the north to the south shore. 
Except at the latter areas and along the eastern half of the south shore the island is 
more or less surrounded by vertical cliffs. In these areas the low-lying coastal 
ledges of varying width and raised beaches lead up to terraced grassy or boulder- 
strewn slopes and finally to the plateau. As well as experiencing a humid climate, 
the island is very wind-swept and subject to frequent gales. ‘Three main associations 
of flowering plants are to be recognised. 
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Firstly, the maritime associations which, apart from the cliff vegetation, are for 
the most part restricted to the sheltered harbour between Canna and Sanday. 
They consist mainly of open communities of shingle plants leading up to a closed 
Glycerta-Armeria-Plantago association. Local variations due to the presence of mud 
flats and sand are conspicuous features. 

Secondly, the Festuca-Agrostis-Anthoxanthum association, found on the raised beaches, 
the coastal ledges and the terraced slopes. 

Thirdly, there is the moorland vegetation, dominated for the most part by Wardus 
stricta, Scirpus caespitosus and Calluna vulgaris, and confined to the plateau. The 
moorland is frequently broken up by small comparatively well-drained mounds 
and attendant wet hollows. By an examination of the communities supported in 
such localised areas, one is able to obtain some idea of the factors affecting the 
distribution of the moorland vegetation. 


* * * 


Dr. J. W. Gregor.—Experimental taxonomy; specific and _  infra-specific 
categories. 

If the number of propositions which can be made concerning classificatory 
categories is the criterion of a system’s naturalness then biologists will agree that 
the present morphological taxonomic system is the most natural one yet devised. 
But because its units do not always coincide with variational categories it cannot, 
in its present form, cope satisfactorily with experimental results which distinguish 
between degree of population differentiation and kind of differentiation. From 
the experimental point of view this is a defect which would appear to be inherent 
in a system in which the units are founded on a complex of attributes irrespective 
of the variational significance of individual attributes ; nevertheless the traditional 
categories provide a basis for experimental investigations. As an additional focus 
for evolutionary discussion it would be useful to have a complementary system of 
taxonomy where the emphasis is transferred to the recording of populations typifying 
particular kinds of differentiation regardless of the actual degree of aggregate 
morphological distinctness which they exhibit. That is, from the standpoint of 
experimental taxonomy, inherent morphological and physiological attributes would 
not themselves be the determinants of taxonomic status but would act as ‘ indicators ’ 
of the origin (variational category) of population differentiation. In classifying 
differentiation in the Sea Plantains the following terminology has been used: 
coenospectes, ecospectes, cline, geotype (intra- and extra-clinal), ecotype, geoecotype and exotype. 
Such a classification is in no way antagonistic to traditional taxonomy. 


* * * 


Dr. D. G. Downie.—The germination and development of Goodyera repens. 

Seeds of Goodyera repens have been germinated aseptically in media containing 
mineral salts and sugars with and without the addition of plant extracts. Some of 
the plants so raised have been maintained in culture for two years. 

From the roots of the plant growing in pinewoods in the neighbourhood of 
Aberdeen the fungal symbiont has been isolated and cultured. Successful germina- 
tion of seed has been obtained in the presence of the symbiont on media with 
and without the mineral and sugar constituents used in aseptic cultures. The 
subsequent growth of infected seedlings far surpasses that of the aseptic seedlings. 

Seedlings are of rare occurrence in nature and are almost invariably associated 
with mature plant colonies. Germination experiments on field plots in pinewoods 
— pine needle litter brought into the laboratory have so far given negative 
results. 

The entrance of the symbiont into the host is not restricted to the early stages of 
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germination. Aseptic seedlings of varying age have become readily infected when 
introduced into a suitable culture along with the symbiont. 
Recently, a second symbiont has been found associated with the plant. 


* a * 


Mr. E. G. Davies.—The post-glacial history of Blaen Brefi. 

Blaen Brefi is a bog situated 22 miles south-east of Aberystwyth, its major axis 
lying north-west to south-east. It occupies a shallow pocket between two lines of 
hills, themselves covered with Molinia pasture, at the head waters of the Afon Brefi 
and Pysgotwr Fawr, at a height of approximately 1,400 ft. 

The central axis of the bog is occupied by an Erosion Complex, followed on the 
north-east and the west by a Scirpetum. Near the foothills the Scirpetum is replaced 
by a Juncetum, which latter merges gradually into the Molinia pasture. 

Borings show that the base is occupied by boulder clay. A comparison is made 
between the stratigraphy of Blaen Brefi and that of Rhos Rhudd and other Car- 
diganshire bogs. Certain deductions regarding the post-glacial history of the bog 
are possible, and the current development of the present formation is correlated 


with that of other hill bogs. 
* * * 


Miss E. M. Canton.—Observations on the autecology of Rhynchospora alba. 

Rhyncospora alba Vahl (Cyperacez), a coloniser of peat bogs, reproduces vegeta- 
tively by the production of bulbils of two types : 

(a) Lateral bulbils formed in leaf axils and becoming detached from the parent 

lant. 

(6) Terminal bulbils which remain attached to the parent plant. 

In general, a lateral bulbil gives rise to a flowering plant, while the terminal type 
will again produce a terminal bulbil and thus no inflorescence. 

Investigation shows that under conditions of deficient aeration and water content, 
over 50 per cent. of the bulbils formed are terminal. By the addition of nutrient 
solution to bog water, terminal bulbils can be induced to flower. 

Plants of Rhyncospora alba colonising peat are considerably smaller than those 
growing with living Sphagnum. 

Germination commences in early April. Under cultural conditions, freezing 
was found to be necessary before it took place. 

The formation of the terminal bulbil plays a great part in the development and 
maturation of the seedling plant. 

The growth of the species is associated with the presence of mycorrhiza, septate 
hyphz being especially abundant in the tissues of root and seed coat. 

High percentages of bulbils are destroyed by birds and wireworms. Ovaries 
have been seen attacked by the ‘ smut ’ fungus Cintractia Montagnet. 


* * * 


Mr. C. Leighton Hare.—Some observations on Eriocaulon septangulare With. 

Eriocaulon septangulare is a small aquatic Angiosperm, the sole British representative 
of a family widespread in tropical and sub-tropical regions. 

It is associated with some six or seven other plants, of various affinities, to form 
the small group commonly referred to as the North American element in the British 
flora. 

The plant does not occur on the continent of Europe and as a British plant is 
found only in the west of Ireland and in the Scottish islands of Skye and Coll. 

Its peculiar distribution raises a number of problems of considerable interest. 
In the hope of shedding some light on these, an investigation of its structure, biology 
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and ecology has been carried out. In the course of this work an attempt has been 
made to determine the climatic and edaphic preferences of the plant and, by follow- 
ing its life history, to gain an insight into those biological processes which are clearly 
linked up with its means of propagation and dispersal, and its ability to colonise 
fresh areas. 

A brief account of some of the results obtained is presented, and an attempt is 
then made to apply them to a clearer understanding of the peculiarities of the 
distribution of the plant in the British Isles. 


* * * 


Sir Frank Stockdale, K.C.M.G., C.B.E.—The application of economic botany in 
the tropics. 

Reference is made to the distribution and establishment of tropical economic 
crop plants and to the parts played in the past by botanic gardens, missions and 
private individuals. 

The plantation rubber industry of the East has resulted from seeds collected from 
the Amazon jungles, cacao in West Africa from introductions from tropical America, 
the Eastern palm oil industry from plants derived from West Africa. The sugar- 
cane and bananas of the West Indies were of old-world origin. Selection and crop 
improvement work has been necessary. 

The production of types resistant to various pests and diseases has been necessary 
and has still to be continued. 

Work being done for the sugar-cane, rubber, cacao, cotton, banana, rice, coffee 
and sisal industries is described. The results obtained so far from selection and 
plant breeding are mentioned and the important advances made from interspecific 
crosses referred to. 

Special assistance has been rendered by the plant physiologist in the study of 
the die-back of coffee and in regard to the problem of shade. The value of the 
ecologist in problems of land utilisation and soil conservation is recognised and the 
importance of using vegetal cover in soil erosion control measures is emphasised. 

Plant improvement is relative to environment and sound advance is unlikely 
to be achieved if this is not recognised. Agricultural methods to suit the environ- 
ment and to ensure soil conservation with the maintenance of soil fertility should be 
developed pari passu with crop improvement. 


* * * 


Joint Discussion with Department K* (Forestry) on Seed provenance, local races 
and breeding of forest trees (in Section K room). 


Mr. T. Thomson.—Introduction. 
Dr. R. Melville.—The distribution of British species and local races of elm. 


With the exception of the Wych Elm, Ulmus glabra Huds., and the English 
Elm, U. procera Salisb., the British elm species are comparatively restricted in their 
distribution. The Wych Elm occurs from the south coast of England to the north 
of Scotland. 

The English Elm is widespread and common throughout southern England, but 
thins out in Yorkshire and may be only planted in Scotland. 

The elms with a more limited distribution include the Cornish Elm, U. stricta 
Lindley, the Plot Elm, U. Plotii Druce, the Smooth-leaved Elm, U. carpinifolia 
Gleditsch (U. nitens Moench), the Sowerby Elm, U. nitens var. Sowerbyi Moss, and 
the East Anglian Elm, U. diversifolia Melville. The Cornish Elm is common in 
Cornwall and Devon, but rapidly thins out eastwards into Dorset and is only 
occasionally planted elsewhere. The Jersey or Wheatley Elm, U. stricta var. 
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sarniensis (Loud.) Moss, said to be native to the Channel Islands, is widely planted as 
a street tree. Another variety, the Goodyer Elm, U. stricta var. Goodyeri Melville, 
is confined to the coastal plain to the south of the New Forest in Hampshire. The 
Plot Elm is concentrated mainly in the Trent Valley and certain adjacent valleys 
with outlying colonies at Banbury and Cambridge. It favours deep moist soils, 
U. carpinifolia occurs scattered over the Midlands and East Anglia, while the Sowerby 
Elm extends in a broad band across the Midlands into East Anglia. The East 
Anglian Elm is common on the coastal plain of Suffolk to the north of Ipswich and 
scattered elsewhere in East Anglia. In addition to the species mentioned there are 
a great many hybrids, some of which, especially in parts of Essex, form local races 
inhabiting particular river valleys. 

The elms differ greatly in silvicultural value. U. glabra is the most common of 
those used for coppice, but it tends to branch near the base, and is the most susceptible 
to Dutch Elm disease. The Cornish and Jersey Elms and U. Ploti are trees of good 
form, most of the timber being formed in the trunk. 


* * * 


Dr. M. A. P. Madge.—Zoospore formation in a species of Stigeoclonium. 


A species of Stigeoclonium, not yet identified, has been grown in culture for two 
years at Royal Holloway College and can generally be induced to form zoospores 
by a simple method of re-inoculation. During the twenty-four hours prior to zoo- 
spore formation, the walls of the cells of the erect filaments undergo a cell division 
which results in the formation of a transverse wall. This wall remains thin in those 
filaments which are about to form zoospores and does not constrict the filaments 
as muchas the other cross walls do, so that the cells appear to be arranged in distinct 
pairs. A single zoospore is formed in each cell. The rounding off of the protoplast 
to form the zoospore is accompanied by a large increase in the size of the cells of the 
filament, which elongate very rapidly just as the protoplast assumes a motile condition. 
The quadri-flagellate zoospore swims about inside the cell, hitting the wall which 
stretches still more. This bombardment frequently results in the breaking down of 
the thin transverse wall, so that two zoospores may be swimming inside a common 
boundary. The movements continue until the cell walls give way and the zoospores 
escape. After this has happened, nothing is left of the filament except the basal cells 
still attached to the prostrate system and a few free floating cells from the apex. 


* * * 


Miss E. M. Blackwell.—A life-cycle of Blastocladia Pringsheimii Reinsch. 


At a corresponding session of Section K last year (British Association Report, 
Cambridge, 1938) Dr. Ralph Emerson announced that a complete life-cycle had not 
yet been described in any species of Blastocladia. 

During the months that have elapsed it has been clearly demonstrated in the 
Botanical Laboratory of Royal Holloway College that in Blastocladia Pringsheimu 
the life-cycle may be of the simplest form: both thin-walled sporangia and thick- 
walled resistant sporangia giving swarmers that do not fuse but germinate im- 
mediately to give plants like the ones that gave the resistant sporangia. 

Dr. Emerson, who became interested in the work in progress, gave the final 
proof by isolating the swarmers as they were liberated from a resistant sporangium 
and germinating them in pure culture. The plants that developed from them 
resembled in all respects the original plants and liberated, within two days, swarmers 
that did not fuse but germinated and gave rise to plants again like the original ones. 

The resistant sporangia of Blastocladia do not readily germinate. The only 
published record is a statement by von Minden (1916) that once on soaking old and 
dry sporangia he observed slits in the outer wall, but not the liberation of swarmers. 
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Dr. Emerson has an unpublished description of how in 1937 he isolated swarmers 
that had undoubtedly come from old, dried resistant sporangia, and germinated them 
in pure culture. 

Although it is impossible to state the precise conditions for successful germination, 
there is no doubt that it is encouraged by : 


(a) a period of rest of not less than four months, during which period the resistant 
sporangia may be kept in water or stored dry ; 

(b) alternating periods of wet and dry conditions ; 

(c) alternating heat and cold. 


* * * 


Miss G. M. Waterhouse.—A species related to Pleolpidium inflatum Butler. 

A chytridiaceous parasite was found infecting a species of Phytophthora growing 
among water moulds from the Hogsmill river, Surrey. It was interesting in resemb- 
ling very closely Pleolpidium inflatum Butler, which has never been recorded in the 
British Isles nor been described since the original account (1907) ; P. inflatum was 
originally found parasitising Pythium intermedium in the soil. A description of the 
stages in the life history is now given, but resting spores were not found nor was it 
possible to test its pathogenicity for P. intermedium before it disappeared, although 
cross inoculation experiments with the original host and with another aquatic Phyto- 
phthora (=? Pythiomorpha gonapodyides) were carried out in the laboratory (Royal 
Holloway College) and were successful. The paper directs attention to the present 
dissatisfaction with the nomenclature of the genus Pleolpidium and to the status of 
P. inflatum in particular. Any fresh appearances of these parasites would be helpful 


in settling the problem. 
* * * 


Miss M. V. Thompson.—The life-history of a water-mould allied to Pythio- 
morpha gonapodyides Petersen. 

A water mould with proliferating sporangia was collected by Dr. M. P. Hall 
(Mrs. Topping) on apples as bait, in a pond near Manchester, and identified by 
her as Pythiomorpha gonapodyides Petersen. She obtained it in pure culture and sent 
it to the Botanical Laboratory of Royal Holloway College, where it has been 
investigated. As the fungus did not always agree in its behaviour with the reports 
of Pythiomorpha gonapodyides by various workers, e.g. oogonia and antheridia were 
produced in abundance, it was sent to Mr. Ashby, Director of the Imperial Myco- 
logical Institute. He identified it as Phytophthora megasperma Drechsler. 

Proliferation of the sporangium was made the diagnostic feature of a new genus 
Pythiomorpha by Petersen in 1909. Since then several species of Phytophthora with 
proliferating sporangia have been isolated, and Buisman in 1927 came to the con- 
clusion that Petersen’s fungus should be re-named Phytophthora gonapodyides. This 
was accepted by Fitzpatrick 1930, Drechsler 1930 and Lund 1934. Other workers 
(Kanouse 1927, Ito and Nagai 1931, Cejp 1932, Forbes 1935, Sparrow 1936 and 
Héhnk 1936) have since published work on Pythiomorpha gonapodyides. Indeed, Ito 
and Nagai, and Héhnk have recently made new species of the genus Pythiomorpha. 
It is not at all certain that the strains that have been isolated and called Pythio- 
morpha gonapodyides are all one and the same. ‘They should perhaps be assigned to 
existing species of Phytophthora, that have been found occurring in water and bearing 
proliferating sporangia. This would account for the discrepancies in the existing 
literature on Pythiomorpha gonapodyides. 

There is however no record of species of Phytophthora as water moulds beyond the 
note that Bewley and Buddin in 1921 isolated P. parasitica and P. cryptogea from glass- 
house water supplies. 

Petersen’s description of his strain, and his diagram of the sporangia, are typically 
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those of a Phytophthora as we now know it. The present report attempts to add sup- 
port to Buisman’s original theory, that in the light of modern knowledge of the 
genus Phytophthora the species of Pythiomorpha should be included in this group. 


* * * 


Mr. J. Carrick.—Some aspects of the physiology of a new species of Stem- 
phylium. 

A new species of Stemphylium (Wallroth) has been found growing on sail-cloth and 
causing extensive damage to tents in this country and in Australia. Since the cloth 
is heavily impregnated with fungicides during proofing, the vigorous growth of the 
fungus is the more remarkable, and it therefore presents a pretty problem in control. 
An investigation of its growth and reproduction under cultural conditions has been 
begun, and those aspects deemed worthy of particular note are recorded in this paper. 

The general physiological principles controlling growth and reproduction were 
examined in water cultures containing varying concentrations of the nutrient sub- 
stances. It was evident that a certain amount of toxicity occurred, both in regard 
to the formation of mycelium and also the production of spores, in the presence of 
ammonium nitrate. Different nitrogenous substances in combination with several 
carbohydrates were used as a basis for agar cultures, and from these it would seem 
that the fungus prefers its nitrogen in an organic form. The reaction of the fungus 
to change in pH and temperature, and in presence of heavy metals, has also been 


studied. 
* * 


Prof. J. Doyle.—Further observations on pollination in the Pinaceae. 


The structure of the ovule in relation to the reception and subsequent behaviour 
of the pollen is described in Abies, Picea (including reference to unusual features in 
the genus as in P. orientalis), and Tsuga Pattoniana. This latter species, differing 
from the Tsuga spp., already elsewhere described, in the possession of winged pollen, 
differs also in ovular structure. Picea orientalis differs from other spruces in the young 
cones being inverted at poilination, instead of being erect when young and becoming 
pendent later. An interesting variation in the pollination mechanism is shown in 
relation to this. 


Dr. J. Burtt Davy.—The geographical distribution of some African groups of 
woody plants. 

An analysis of the distribution of African dicotyledonous families and genera 
shows some striking features of distribution, among which the following are of 
particular interest : 

(1) The complete absence from Africa south of the Mediterranean zone of 
certain widely distributed north temperate families. 

(2) The relatively poor representation south of the Sahara of the characteristic 
warm temperate north African flora. 

(3) The occurrence of a definite north temperate zone element in the montane 
rain-forest of East Africa, extending from Abyssinia to Table Mountain. 

(4) The difference in composition of the East Tropical and West Tropical 
African floras. 

(5) The absence from East Africa of certain Afro-Asiatic genera which occur in 
West Africa. 

(6) The absence from continental tropical Africa of a large part of the 
Madagascar-South African element. 

(7) An apparent distinction between the Afro-Ceylon-Indian element and the 
Afro-Malayan-Australasian element. 
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(8) The occurrence in West Tropical Africa of isolated members of Tropical 
American genera and families. 
Suggestions are offered to account for these features in the distribution. 


* * * 
Mr. T. K. T. Jacob.—Cytological evolution in Sesbania. 
* * * 


Mr. S. M. Sikka.—Organisation of the nucleolus in Narcissus. 
* * 


Dr. N. W. Radforth.—The affinities of the fossil schizzaceous ferns. 


With the application of the transfer and oxidation methods to the carbonaceous 
compressions of Dactylotheca Sturt and Senftenbergia pennaeformis, structural details of 
these plants may be conveniently examined. In a detailed study of their sporangia, 
the mechanism for dehiscence is clearly revealed. Contrary to previous belief, spor- 
angia of D. Sturt bear annuli which consist of an oblique apical band of thick-walled 
cells. Sporangia of S. pennaeformis are also annulate, but the annuli, although 
resembling those of D. Sturt as to position and type, differ in detail of structure. 

Spores of both these plants, preserved in different developmental stages, are 
extracted, and their structure and ornamentation compared. 

Dactylotheca Sturi, having annulate sporangia, becomes a member of genus 
Senftenbergia although remaining specifically distinct. The comparison of the spor- 
angia and spores of both plants with those of Senftenbergia plumosa, and the living 
schizeaceous types, particularly Aneimia, points to a series in which progressive 
structural changes have occurred in connection with the annulus, and in which 
spore output has diminished. The sporangia of S. Sturi are the most primitive 
in structure, and those of S. pennaeformis are the most specialised. With this 
progressive specialisation, the dehiscence mechanism appears to have become 
correspondingly more efficient. 


Exhibits. 
Dr. G. Asprey.— Vegetation of the Isle of Canna. 
Miss E. M. Canton.—Rhynchospora alba. 
Mr. J. Carrick.—A new species of Stemphylium. 
Miss A. J. Davey.—Morphology (including contractile roots) in the genus 
Oxalis. 
Dr. D. G. Downie.—Goodyera repens. 
Mr. C. Leighton Hare.—Eriocaulon septangulare. 
Mr. J. B. Jones and Mr. E. G. Davies.—The post-glacial history of Blaen Brefi. 
Mr. G. P. Majumdar.—The protoxylem of Heracleum. 
Dr. R. Melville.—Nothoclines in Ulmus. 
Prof. E. G. Pringsheim.—Cultures of algz. 


Prof. J. Walton.—Lower Carboniferous plants from the Kilpatrick Hills, 
Dumbartonshire. 


Miss I. M. Hayward.—Coloured impressions of Tweeddale and the Borders 
(Film). 

The film is a survey of the Scottish Borderland with emphasis on the beauty 
and life of the countryside, including studies of several of the fine gardens in the 
locality. The historical side of the district is illustrated by impressions of famous 
abbeys and romantic houses. 
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DEPARTMENT K*.—FORESTRY 


COMMUNICATIONS 
Capt. G. I. Campbell, Yr. of Succoth (Chairman).—Forestry in Scotland. 
* * 


Discussion on the Larches. 
Dr. S. E. Wilson.—The qualities and uses of larch timbers. 


Dr. M. L. Anderson.—The silviculture of the larches. 

Consideration is given only to two of the species of larch, namely, the European 
larch and the Japanese larch. 

After a brief reference to the utilitarian aspect of growing larches on a large scale, 
the most important silvicultural characteristics of the European larch are dealt 
with in some detail. Passing reference is made to the existence of races within the 
species. The place of the European larch in our silviculture is then discussed on the 
basis of the particular requirements and qualities of the tree. Its cultivation as a 
main crop tree, as a nurse tree and as a soil-improving species is considered and an 
attempt is made to distinguish the sites or soil-types where it can be satisfactorily 
utilised for those various purposes. . 

The silvicultural characteristics of the Japanese larch are then reviewed, with 
special emphasis upon those points in respect of which that species differs from 
European larch. Circumstances under which the Japanese larch is to be preferred 
to the European species are described. Finally, there are some observations on the 
possibilities of using methods of natural regeneration for these species. 

Mr. J. A. B. Macdonald.—Larches on peat and poor Calluna types. 

Data on which the paper is based have been obtained mainly from recent assess- 
ments of experiments established by the Forestry Commission on these poor land 
types in Scotland between 1924 and 1936. So far as early development is concerned, 
the Japanese and hybrid species are most encouraging, but on these difficult ground 
types an initial dressing of phosphate is as necessary as, if not more necessary than, 
special pre-planting treatment such as turfing or ploughing. 

Naturally, with such comparatively recent introductions, little material is avail- 
able for a comparison of the three larches at more advanced stages of development. 
To begin with, as is not uncommon with new species, they were planted only on 
very favourable sites. References are made to instances of larch growth encoun- 
tered during silvicultural studies of plantations on difficult sites. 


Mr. J. M. Murray.—The hybrid larch. 
Mr. Fraser Story.—The Sudeten larch. 


Mr. W. R. Day.—The diseases of the larch. 

There are many factors, physical and biotic, responsible for disease in European 
larch in Britain. The more fundamental of these are probably physical ; that is 
they are factors of climate or of soil which basically determine the type of habitat 
in which the tree has to be grown. The more complete failures of European larch 
have thus probably been due to a failure, on one side, to appreciate the fundamental 
requirements of the tree which may vary slightly according to the climatic variety, 
and on the other to appreciate with sufficient accuracy the physical character of the 
habitat into which it has been introduced. Troubles arising from fungus parasites 
or insect pests are of less importance. So also is the silvicultural treatment of the 
plantations, although this may also be an important factor in predisposing to disease. 


* * * 
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Dr. A. B. Stewart.—The maintenance and improvement of soil fertility in nurseries. 

The natural reserves of plant food materials may differ enormously from soil to 
soil, but unfortunately in none of our soils are these reserves inexhaustible. If 
fertility is to be maintained, additions of nutrients in suitable form are necessary 
from time to time in order to counteract losses such as removal of nutrients in seed- 
lings and transplants, soil drainage losses, which may be heavy, particularly in the 
lighter soil types suitable for nurseries, and reversion of soluble food materials such 
as phosphate to insoluble or unavailable forms in the soil. 

In determining the treatment to be given to a nursery soil factors such as the 
following are considered: (a) species to be grown, (b) previous treatment and 
cropping, and (c) properties of the soil, e.g. texture, organic matter, acidity, supplies 
of calcium, phosphorus, potassium, nitrogen, etc., already present. The necessity 
for taking full account of the properties of the individual soil is stressed and the value 
of soil analyses pointed out. The results of analysis of a given soil, especially when 
correlated with nursery trials on a soil of similar type, provide a most useful means of 
determining the requirements of the soil. 


* * * 


Mr. J. A. B. Macdonald.—Experiments on season of sowing, weed control and 
some other nursery problems. 


Fortnightly sowings were carried out with three tree species in seven Scottish 
nurseries during the spring seasons of 1935, 1936 and 1937, and also in the autumn 
of 1935 and 1936. The results which have now been worked up and summarised are 
discussed. 

Methods of controlling weed growth on seedbeds either by scorching or by appli- 
cation of chemicals have been the subject of experiments for at least ten years. 
Gradually, treatments have been readjusted in the light of earlier results. The most 
recent experiments have been very successful. 

Perhaps no innovation has done more to improve the outturn of seedlings— 
especially of Sitka spruce—than the practice of covering seedbeds after sowing with 
a clean, clay and silt-free sand, grit or even heavier material such as road-metal 
chips. Some figures from the numerous experiments incorporating these coverings 
are submitted, and the most recent developments mentioned. 

Among other experiments, some which showed the possibility of sowing in wet 
weather or, by soaking, during a drought, are mentioned and their significance 
stressed. 


# * + 
Mr. R. Davey.—Forestry for game. 


Amenity, profitable forestry and sport, with the accent on sport, were the key- 
notes of two working plans recently prepared for two estates (350 and 277 acres of 
woodland), typical of many in the country, where woods are neglected because 
forestry is supposed to spell ruination for game. The opposite and equally fallacious 
view is that forestry cannot be undertaken with any prospect of success or profit if 
game considerations have to be taken into account. 

So far as finance is concerned the effect of planning the woods for sport was in 
one case a loss of 174 per cent. and in the other of less than 10 per cent. of plantable 
area. All the coverts were planned for planting with profitable and suitable light-- 
demanding species, and will be managed entirely with forestry considerations in mind. 

The species, mixtures, rotations and management of coverts and other areas, and 
the design and arrangement of rides, and the siting of flushing points and rises were 
worked out in detail for two different types of woodland estate. 

_The system was planned to achieve orderly management of coverts and flushing 
points by the woodland staff, in place of the far too common haphazard methods of 
the average keeper. 
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REPORTS OF RESEARCH COMMITTEES 


SECTIONS D, H, and K 


In accordance with previous practice, the reports of certain Research Committees will continue 
to be recorded in print. The full list of Research Committees appointed for the year 1939-40 
will appear in a subsequent issue. 


SECTION D, &c. 
THE ZOOLOGICAL RECORD 


REPORT of the COMMITTEE appointed to co-operate with other Sections 
interested, and with the Zoological Society, for the purpose of obtaining support 
for the Zoological Record (Sir SipNey F. HARMER, Chairman ; Dr. W. T. Cacman, 
Secretary ; Prof. E. S. Goopricu, Prof. D. M. S. Watson). 


Tue grant of £50 was paid over to the Zoological Society on May 16, 1939, as 
a contribution towards the cost of preparing and publishing Vol. LX XIV of the 
Koological Record for 1937. 

The report of the Council of the Zoological Society for 1938 shows that the cost 
of the Record continues to increase, and its continuation is only made possible by 
the support received from contributing institutions and individuals. The Com- 
mittee accordingly asks for reappointment, with the renewal of the grant of £50. 


ARTEMIA SALINA 


REPORT of the COMMITTEE appointed to investigate the progressive 
adaptation to new conditions in Artemia salina (Prof. R. A. Fisuer, F.R.S., 
Chairman ; Dr. A. C. FaBerc#, Secretary ; Dr. F. Gross, Mr. A. G. Lownpes, 
Dr. K. Matuer, Dr. E. S. Russet, O.B.E., Prof. D. M. S. Watson, F.R.S.). 


A piscussion of the problem investigated, together with a programme of these 
experiments, was given in the report of this Committee for the year 1937, presented 
at the Nottingham Meeting of the British Association. Work in the year 1938-39 
has followed this programme. 

The major part of the testing foreseen in that programme, at least as far as the 
number of nauplii tested is concerned, was already accomplished before this year. 
It was planned to test about 1,000 nauplii in each of six generations in seven lines. 
With the stronger lines, such as C,, C,, C, x C,, this has now been done. Much 
difficulty was, however, experienced in getting the less prolific lines, such as C, to 
breed, and in them the testing programme is still far from completion. It is for 
this reason that the total number of nauplii tested during 1938-39, 9,024, is only 
about a quarter of the number tested in the previous year. The amount of work 
involved in propagating these relatively infertile strains has, nevertheless, been 
considerable. The testing and breeding of the material has been carried out, as in 
previous years, by Miss S. B. North. : 

The distribution of tested nauplii among the six generations and the seven lines 
used this year is shown in Table 1. All these data are supplementary to those of 
previous years. 

It was pointed out in the three previous reports that the main source of error in 
these experiments is the variation in resistance to poison of different broods from the 
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same mating. In last year’s report it was also described how a system of controls 
was used in an attempt to avoid this source of discrepancy, and how these controls 
had proved ineffective. This year attempts were made to discover the environ- 
mental factor responsible for variation, with a view to controlling it. 

At the beginning of this investigation Dr. Gross had satisfied himself that the 
age of broods, within reasonable limits, had no appreciable effect on resistance to 
arsenic. Nevertheless, the possibility was not excluded that the size of nauplii 
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would be related to resistance. To test this, nauplii from controls were preserved 
in formalin, and their length measured by means of a projecting microscope. An 
analysis of variance on these measurements shows that variation between broods within 
matings is significantly greater than that within broods. Nevertheless, there is no 
appreciable correlation between size and resistance to poison. To illustrate this, 
data from two matings which produced two and four broods respectively are plotted 
in Fig. 1. The mean length is plotted against the 50 per cent. death point, the 
scale of the latter being in terms of the strength of poison solution. 

_ In the usual testing procedure the strength Chlamydomonas culture used as food 
is standardised by means of a colorimeter. It is possible that some variations occur 
in this measurement, and tests were therefore made to determine the effect of food 
strength. Chlamydomonas culture was used at half and at twice the normal strength, a 
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difference much greater than can arise in the standard testing. Food strength has 
no marked effect on resistance ; as an example the data from four large broods tested 
in two strengths of food are given in Table 2. 

Although the room in which Artemia are tested is thermostatically controlled, 
some variations in temperature do occur. Tests were made to determine if these 
fluctuations have any effect on resistance to poison. No effect whatever was found. 

It is difficult to think of any other controllable external factors which could be 
responsible for the large discrepancies in resistance. The conclusion would seem 
to be that resistance to poison is determined by some conditions of the micro-environ- 
ment which are difficult to control experimentally. 

Since the use of controls is ineffective in reducing variability, the complicated 
statistical treatment devised to take controls into account is now unnecessary. Con- 
sequently, in the later computations we have reverted to the simpler method which 
ignores natural death rate. By this means arithmetical labour is much reduced, 
and it is hoped the statistical analysis will soon keep pace with the experiments. 

The data obtained during 1938-39 are given in Tables 4-9. In Table 3 are given 
the strengths of sodium arsenite corresponding to the letters used in the other tables. 

The Committee asks to be reappointed with a grant of £20. 


TABLE 1. 
C, C; C, C, C, x C, C, x G, 
So . 250 194 — — — — 
512 320 115 55 — — — — 
Se 458 242 — — — — 616 335 
Ss ; 101 31 22 12 139 67 #£«646 347 —_-_ — 320 196 
S, ‘ 103 54 64 30 602 261 60 49 723 415 1,339 630 
S; — 243 75 — — 967 590 1,744 858 
Totals 1,424 841 444172 741 328 706 396 1,6901,005 4,019 2,019 
T. = tested. S. = survived. 
TABLE 2. 
Broods. A B Cc D 
Food strength . — 4 2 4+ 2 4 2 
Tested 96 96 63 63 70 70 112 112 
Survived . ; . 45 38 24 25 18 30 57 48 
TABLE 3. 
. : Strength of solution of 
Letter d ti 
G ‘ . .  0-004529 
I 0-005520 
J 0-006095 
K 0-006729 
0-007430 
M 0-008203 
N 0-009057 
O 0-010000 
P 0-011040 
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TABLE 4.—Line C,. 


0 
10 20318—-—- — 
10 30 24 38 26 — 
35 30 22 S8 34 — 
35 46 29 58 26 Iii 
35 68 38 58 31 11 
15 105 46 58 17 22 
— 7 12 58 3 25 
—- — — 2 0 11 
43 78 71 58 57 21 
11 65 60 52 48 — 
TaBLE 5.—Line Cy. 
Si S, 
6—-— 
147 — 
i4 1 7 18 7 
7 4 11 1 
— 7 ll 
15 14 1 1 24 22 
TaBLeE 6.—Line C,. 
Ss 
T. S. 
11 0 35 
11 6 35 
11 7 76 
21 12 73 
34 15 81 
10 2 82 
10 0 38 
38 
21 16 76 
10 9 68 
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TaBLe 7.—Line C). 


Ss Sa 

Ss. ¥ S. 
H . 43 31 
89 61 10 10 
89 57 10 10 
89 32 10 10 
M. 89 21 10 8 
N . 31 0 10 2 
Control 1 100 79 10 9 
Control 2 ‘ 37 16 


TaBLE 8.—Line C, x C). 


Sa Ss 
7, 5. S. 
88 55 — 
es 89 59 76 73 
Bing 93 54 76 69 | 
K . 93 49 90 69 
= 93 35 125 69 
M. 93 6 162 70 
N — 182 13 
Control 1 93 83 170 160 
Control 2 81 74 86 67 
TaBLE 9.—Line C, x Cy. 
Se Ss S4 Ss 
T. 5. 7. s. S. 
H 59 30 — — — — — — 
I 69 41 39 29 143 97 101 78 
J 69 38 39 30 162 89 162 109 
K 719 37 39 28 162 65 210 142 
L 87 33 39 26 178 57 267 121 
M 87 29 52 23 178 31 267 89 
N 10 1 45 8 196 27 241 77 
P — — — 130 18 
Control1 . 86 72 60 47 190 166 264 184 
Control2 . 70 54 7 5 130 98 102 40 
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PLYMOUTH LABORATORY. 


REPORT of the COMMITTEE appointed to nominate competent naturalists 
to perform definite pieces of work at the Marine Laboratory, Plymouth (Dr. W. T. 
Catan, C.B., F.R.S., Chairman and Secretary ; Prof. H. Munro Fox, F.R.S., 
‘Dr. J. S. Huxtey, F.R.S., Prof. H. G. Jackson, Prof. C. M. Yonce). 


THE grant of £50 was paid over to the Marine Biological Association on Feb- 
ruary 20, 1939. 

Miss M. J. Dibb reports that during her occupation of the Association’s table 
at the Laboratory in July 1938 she studied the life histories of certain sporozoan 
parasites of marine ‘ worms.’ Drawings and measurements were made from living 
specimens, and material was fixed for later investigation. 

Dr. Margaret W. Jepps, who occupied the table from October 1 to December 31, 
1938, was further nominated to hold it from January 1 to March 31, 1939. She 
reports that she has made good progress with her work on the life history of Poly- 
stomella. She has been successful in rearing the asexually-produced young in 
cultures, and has studied what is generally believed to be the sexual phase of the 
life-cycle. A good deal of time has been spent in trying various methods of fixa- 
tion, and much material has been preserved for later study. 

Prof. H. Graham Cannon, F.R.S., has resigned from the Committee. 

The Committee asks for reappointment, with renewal of the grant of £50. 


WICKEN FEN 


REPORT of COMMITTEE appointed to assist in the preservation of Wicken 
Fen (Prof. F. T. Brooks, F.R.S., Chairman; Dr. H. Gopwin, Secretary ; 
Prof. F. BALFour-BrowneE, Dr. H. C. Darsy, Prof. J. STANLEY GARDINER, 
F.R.S., Mr. J. A. Steers, Dr. W. H. THorpe, Dr. D. H. VALENTINE). 


Two major problems have always presented themselves most urgently to the 
biologists interested in maintaining in Wicken Fen communities of the fauna and 
flora typical of the old conditions of undrained fenland. These are both the result 
of the unceasing progress of development and natural succession, which causes on 
the one hand a rising ground-level, and on the other continual invasion by species 
of drier habitats at the expense of the paludal or aquatic species. 

The grant of £50 has been expended in combating these two effects separately. 
£25 has been contributed towards the cost of excavating a large shallow mere, 
horse-shoe shaped, and about half an acre in extent. This mere will make good, to 
some extent, the serious and growing lack in the Fen of areas of shallow open water, 
such as the deeper reed swamp and fen bordering open water. It should prove a 
refuge for a great many species of plants and animals (especially water birds) whose 
habitats on the Fen were becorning very restricted. It will also afford an excellent 
opportunity for observing the mechanism of invasion and establishment of the reed- 
swamp communities. 

The remaining £25 has been expanded in carrying out the clearance from 
several acres of sedge-fen (Cladietum and Cladio-Molinietum) of the very dense 
bush growth which had invaded it and which, in the course of twenty or thirty years 
would certainly have led to a complete and irreversible extinction of this area of the 
most characteristic of the fen communities. It should be said that the colonising 
bushes (Frangula alnus and Rhamnus catharticus) are being left in certain observed areas 
to establish the natural fen woodland, but it is imperative that their extension should 
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be severely restricted if the Fen is to remain an effective sanctuary for the old fenland 
species and communities, and an area in which scientific research upon fenland 
species of plants and animals can be profitably maintained. 

The Committee is satisfied that the expenditure of the grant has been of consider- 


able benefit to scientific work. 
The Committee asks for reappointment with a grant of £50 for 1939-40. 


FRESHWATER BIOLOGICAL STATION, WINDERMERE 


REPORT of the COMMITTEE appointed to aid competent investigators 
to carry out definite pieces of work at the Freshwater Biological Station, Wray 
Castle, Westmorland (Prof. F. E. Frrrscu, F.R.S., Chairman; Dr. E. B. Wortu- 
INGTON, Secretary ; Prof. P. A. Buxton, Miss P. M. Jenkin, Dr. C. H. O’Dono- 
GHUE, Prof. W. H. PEARSALL). 


Durinc the past year the British Association’s table at Wray Castle has been 
occupied by Miss Winifred Pennington of the Botanical Department, Reading 
University. She has worked on cores raised from the bottom deposits of Winder- 
mere, especially with a view to following through the succession of diatoms and other 
organic remains which are to be found in various layers of the deposits. The summary 
of her findings, extracted from a detailed progress report, have been filed for reference. 
The tenure of the table during the previous year by Mr. G. H. Wailes has resulted 
in three publications on the microplankton of Windermere in the Ann. G@ Mag. of 
Nat. Hist. : ser. 11,1: 496-7, 553-5; 3: 401-14. 


SECTION H. 


ANCIENT METAL OBJECTS. 


REPORT of the COMMITTEE appointed to report on the composition of 
ancient metal objects (Mr. H. J. E. PEAKE, Chairman ; Dr. C. H. Descu, F.RS., 
Secretary ; Prof. V. G. Cumprg, Mr. O. Daviess, Prof. H. J. Fieure, F.R.S., 
Mr. C. Hawkes, Mr. W. Lams, Mr. M. E. L. Mattowan, Mr. H. Maryon, 


Dr. A. Ratsrrick, Dr. R. H. 


Tue following report has been received from the Secretary : 

This Committee continues the work of the Sumerian Committee, of which 
eight reports have been issued. The inquiries have shown that there is a 
demand among archeologists for facilities for the accurate analysis of ancient 
metallic objects, and for their comparison with naturally occurring ores. The 
fact that only a few milligrammes of metal are now required for a full analysis 
makes it possible for curators to allow sufficient drillings to be taken from complete 
objects, so that analysis and form may be correlated, instead of confining the analysis 
to fragments. The work has been continued in the Metallurgy Department of the 
National Physical Laboratory, and the writer is indebted to Miss I. H. Hadfield 
and Dr. G. Barr for their skilled assistance. The methods of micro-analysis have 
been mainly employed, but recently a great saving in time and cost has been effected 
by making quantitative determinations by means of the spectrograph. The drillings, 
or on occasion the edge of an object, are used as one electrode in a spark gap. The 
spectrum is photographed, and the relative intensities of lines corresponding with 
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various elements are determined with the aid of a Hilger micro-photometer. The 
analyses are then returned in the first instance as follows : 


X Principal constituent. 
xxxx Element present in analytical quantity. 
xxx Heavy trace of element. 
xx Trace of element. 
x Faint trace of element. 


Standard alloys of known composition are being accumulated, and by using 
them it is possible to replace these approximate indications by actual figures, of an 
accuracy approaching that of chemical analysis. The plates are retained, so that 
as opportunity offers the figures can be filled in. The Secretary will shortly retire 
from the Laboratory, but it is hoped to make arrangements for continuing the work. 

An extensive series of fragments from Troy has been received from Prof. Blegen. 
During the past year twenty-five specimens have been examined, nineteen having 
been reported on earlier. A large number remains, which will be examined 
spectrographically. Broadly speaking, the specimens from Troy I-IV are of copper, 
mostly with high arsenic, but including two bronzes, whilst from Troy VI and VII 
bronzes greatly preponderate, and the proportion of arsenic is less, indicating a 
different source for the copper. We still lack analyses of ores from many of the 
possible sources of copper. The analyses given in mining reports usually pay little 
attention to those impurities, such as nickel and arsenic, which are regarded as key 
elements. 

A fine series of fifteen knives and spear-heads, in an uncorroded condition, was 
received from Cyprus from Mr. J. R. Stewart. The objects included only one bronze, 
which contained several per cent. of zinc, as did one of the specimens free from tin. 
Arsenic and silver were prominent impurities, and a fuller examination of the 
plates will be made. 

Spectrographic analyses were also made of nine objects from Tell Duweir, received 
from the Wellcome-Marston Expedition. Three were of gold, one of electrum, 
three of copper, and two of bronze, with varying impurities. 

Miss Caton Thompson submitted eleven objects from Hureidha, South Arabia. 
Six were of copper and three of bronze, with one each of iron and silver. All these 
plates are being examined further. | 

Filings from an axe-hammer from Hungary were sent by Mr. Peake, the spectro- 
graphic analysis suggesting that the object was of native copper. 

Four small objects from Hampshire were also examined spectrographically, two 
being received from Mr. Peake and two from Mr. J. F. S. Stone. Mr. Peake also 
submitted two fragments of pottery with black glaze, one being Tell Halaf ware from 
Arpachiyah, and the other al’Ubaid ware from Nineveh. In both instances the black 
pigment proved to be magnetic oxide of iron. 

The cost of the work is covered by charges made to the persons or institutions 
submitting objects for analysis, but there is no margin for the examination of 
objects of interest to the Committee. A gift of £5 from Prof. Newbery has been 
received for this purpose. 

The full analyses of Luristan bronzes, mentioned in the fourth report, have now 
been published in Vol. I of Pope and Ackermann’s Survey of Persian Art (Oxford 
University Press, 1939). _W. Witter’s Die dlteste Erzgewinnung im nordisch-germanischen 
Lebenskreis has been completed by the publication of the second volume, and con- 
tains a very large number of analyses of European objects and of the ores of 
Central Europe. 
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BLOOD GROUPS 


REPORT of the COMMITTEE appointed to investigate blood groups 
among primitive peoples (Prof. H. J. FLeure, F.R.S., Chairman; Prof. R. 
Ruccues Gates, F.R.S., Secretary ; Dr. F. W. Lams, Dr. G. M. Moranrt), 


A sMALL number of natives were tested in 1936 by Dr. F. W. Vint, Medical 
Research Laboratory, Nairobi, Kenya, with serum kindly supplied by Messrs. Parke, 
Davis & Co. As it has not been possible to continue this work, the results obtained 
are recorded here as follows :— 


O. A. - & AB. 
Bantu . 20 20 4 = 73 
4-Hamite ‘ 2 = 5 
Nilote . , . 4 12 1 = 33 
Mixed . 2 3 10 
Totals ; - 27 37 6 = 121 
Per cent. . . 42-1 22-3 30°6 5-0 


The blood-grouping done during 1936 and 1937 in Assam may be summarised 
here. The tests were made on various tribes in the Naga Hills by Dr. E. Vieyra 
at Kohima and Dr. Kundu at Mokokchung, under the general supervision of 
Mr. J. P. Mills, the Honorary Director of Ethnography, with serum kindly supplied 
by the Haffkine Institute in Bombay. 

The Angamis, Lhotas, Semas and Rengmas are known historically to be of similar 
stock. The numbers tested are given below. 


O. A. B. A.B. 
Angamis : a+ 33 24 5 = 96 
Per cent. . . 35-4 34-4 25:0 5:2 
Lhotas . , , ¥ 7 3 1 = 15 
Semas . ‘ . 7 3 0 = 25 
Rengmas 0 1 0 = 4 
Tol . . 56 47 31 + 
Per cent. . . 40 33-6 22:1 4-3 


It will be seen that the percentages for these four tribes together do not differ appre- 

ciably from those for the Angamis alone. Larger numbers of tests are required, to 

determine whether the Semas, Angamis and Lhotas show significant differences. 
Three other tribes were tested as follows : 


O. A. B. __ AB. 
Konyaks. 51 13 5 127 
Per cent. . . 45-7 40-2 10-2 3-9 
Aos ‘ ; ae 13 13 4 = 57 
Per cent. . . 47-4 22°8 22°8 7:0 
Thado Kuki . . 16 25 27 15 = 83 
Per cent. . . 1953 30:1 32:5 18:1 
Total tested in Assam ‘ 407 


These results are in accord with the view of Mr. J. P. Mills that the Konyaks 
are more primitive than the Angami-Rengma, that the Konyaks and Aos have much 
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in common, and that the Thado Kuki are an entirely different race. The Konyaks 
and Aos, being high in O and low in B, may be regarded as the most primitive in 
blood-grouping, the Thado Kuki being much higher in B and very low in O. 

Two later series of tests made on the Angami and Thado Kuki between August 
1937, and March 1938, with fresh lots of sera, gave results indicating that the B serum 
was for some reason more or less completely inactive. These results, numbering 
171 tests, were therefore discarded. It is hoped to resume this work in the Naga 
Hills soon. 

In the Andaman Islands five tests were obtained from the wild Jarawa tribe and 
five from the friendly Onges. The results, though so few, are of considerable interest 
and a note on the subject will be published elsewhere. 

In Travancore, arrangements have been made through the Government officials, 
and tests are being taken of various tribes by Dr. C. O. Karunakaran, as serologist, 
with the aid of Mr. L. A. Krishna Iyer as ethnologist. 171 Kanikkars have been 
tested, and these are to be followed by Pulayas and other tribes. The results are 
markedly different from the general population in Trivandrum. Interesting 
differences in the titre of agglutination are also being found, some individuals giving 
a strong reaction with O serum who react very weakly with A or B serum. ‘These 
and other phenomena are being studied by using sera in different dilutions. 

Dr. Eileen Macfarlane has obtained a grant from the Royal Society towards 
her work in testing the Lepchas, Gonds and other tribes in India. 

A paper has been published on the blood groups and other features of the Micmac 
Indians in Nova Scotia (7. Anthrop. Inst., Vol. 68, pp. 283-98). These results are 
of interest for comparison with Indians from British Columbia and other parts of 
Canada, and also in relation to racial crossing. Anthropometric measurements 
and blood-group tests have been made by Mr. A. Ammar on over 1,000 Egyptians 
in Shargiya Province, Northern Egypt. 

Blood-group tests combined with anthropometric measurements have been 
carried out in parts of Co. Antrim, Northern Ireland, by Dr. John M. Mogey and 
Dr. G. L. Taylor. The ancestors of all individuals tested have resided in the district 
for at least three generations. ‘These results should show whether local differences 
can arise in small isolated populations. Some 300 tests have already been made. 

It has been suggested that infantile digestive disorders may in certain cases be 
due to a difference between the blood group of the mother and the nursing child. 
Dr. N. Kossovitch, of the Pasteur Institute in Paris, has obtained certain results 
which favour this view, and blood-group tests have been set in motion at St. George’s 
Hospital, London, which should furnish further evidence on this question. 


DERBYSHIRE CAVES 


SEVENTEENTH INTERIM REPORT of the COMMITTEE appointed 
to co-operate with a Committee of the Royal Anthropological Institute in the 
exploration of caves in the Derbyshire District (Mr. M. C. Burkirr, Chairman ; 
Mr. A. LesLiE ARMSTRONG, Secretary ; Prof. H. J. FLeurs, F.R.S., Prof. D. A. E. 
Garrop, Dr. J. WILFRED JACKSON, Prof. L. S. PALMER, Mr. H. J. E. PEAKE). 


Creswell Crags.—Mr. Leslie Armstrong, F.S.A., reports as follows : 


‘ The Yew Tree Shelter—A further extensive area at the western end of this rock 
shelter has been excavated, but the evidence of occupation obtained proved to be 
very scanty, consisting of a meagre scatter of flint flakes and artifacts on the late 
Aurignacian and the Azilio-Tardenoisian horizons. 
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‘ With the exception of one small hearth there was no evidence of actual occupation 
in this area and the artifacts appear to be a spread derived from the extensive living 
zone adjoining. ‘This was somewhat surprising as that portion of the shelter is pro- 
tected by a projecting rock wall at right angles to the main wall and, in general 
character, appears to offer a most desirable habitation site, which, in view of the 
occupation of the central and less protected area of the shelter, might be expected 
to yield abundant evidence ; but this anticipation was not realised. 

‘ The excavations revealed a deposit 18 in. in thickness of recent humus, sand 
and small stones, overlying the Paleolithic horizon, obviously washed down from 
the plateau above during rain storms, through a fissure in the cliff. 

‘In Paleolithic times this torrent action was apparently more violent and more 
frequent and had carried down not only earth, but large stones and rocks also ; 
thereby rendering that portion of the shelter much less suitable for occupation than 
its present condition suggests. A further area of the central zone of the shelter has 
been systematically excavated and has added considerably to the evidence already 
obtained and yielded, in addition to artifacts of flint, a bone awl and fragments of 
Mammoth ivory, also bones of Woolly Rhinoceros and Bear. 

* Whitwell Cave-—A small cave was located in the autumn of 1938, situated in a 
dry valley flanked by low limestone cliffs, north of Whitwell Church, in the vicinity 
of Creswell. Half of this cave has been excavated by Mr. Leslie Armstrong and 
Dr. Arthur Court, to a depth of 4 ft. The cave is devoid of stalagmite, but 
contains an undisturbed deposit of Pleistocene age covered by layers of later date 
which have yielded Iron Age pottery and flint artifacts of Neolithic and Bronze Age 
date. The Pleistocene horizon consists of closely compacted red cave-earth and has 
yielded a bone piercer and flint blades and scrapers of Upper Aurignacian facies. 
The faunal remains are scanty, but include Reindeer, Bear and Bison. The bed 
rock has not yet been reached. A sterile layer of frost riven slabs, at 3 ft. 6 in, 
appears to correspond with the upper slab layer in the Pin Hole Cave, but a definite 
correlation has not yet been established. 

* Whaley Rock Shelter No. 2.—The Pleistocene horizon has been exposed over the 
whole area of the section under examination and is now in course of excavation. 
Evidence of Azilio-Tardenoisian occupation was obtained in the layer immediately 
above the Pleistocene deposit and is comparable in general facies with that of 
the corresponding horizon of Mother Grundy’s Parlour, Creswell. 

‘ The Pleistocene deposit has yielded artifacts of Upper Aurignacian type, con- 
sisting of blades and scrapers, in association with a fauna including Bison, Horse, 
Reindeer and Hyena. 

‘In common with all the caves and rock-shelters of the Creswell region, this 
Whaley shelter records not permanent, but casual occupation by nomadic hunters 
in Paleolithic times. 

‘ A further grant of £25 is earnestly requested by the Committee for the continu- 
ation of the work at Creswell and Whaley and further research in the Creswell region.’ 


EARLY MINING SITES IN WALES. 


REPORT of COMMITTEE appointed to investigate early mining sites in 
Wales (Mr. H. J. E. Peake, Chairman ; Mr. O. Davies, Secretary ; Dr. C. H. 
Descu, F.R.S., Mr. E. Estyn Evans, Prof. H. J. Freure, F.R.S., Prof. C. 
Forpe, Sir Cyrit Fox, Dr. WiLLoucHBY GARDNER, Dr. F. J. NORTH, 
Mr. V. E. Naso WILLIAMS). 


Tue Committee report that the excavations begun last year at the Orme’s Head 
copper mines were continued and nearly completed this spring. Last years 
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results had been somewhat inconclusive. No indubitably ancient dumps could be 
located at the vein-outcrop, and the numerous stone hammers, though old Celtic 
in type, seemed to have been thrown out of the old workings in modern times. 
A small test at a site behind Gogarth Hotel had seemed more interesting, and this 
excavation was continued this year. The site lies on a steep slope, and small 
hearth-platforms were found. The site yielded mainly animal bones and shells ; 
the latter, of species which grow on rocks, seemed to show that in antiquity the sea 
extended much farther round the south side of Great Orme’s Head than it does to- 
day, and that the sandhills and marsh, on which the present ‘ West Shore ’ is built, 
are of recent formation. The presence of stone hammers similar to those from the 
tips indicates that the place was inhabited by a population of miners ; topographical 
considerations suggest that it was the port for the mines, lying as it does at practically 
the only point where it is possible to descend from the summit without intervening 
precipices. The date of the site was established by Romano-British sherds and by 
two bone bodkins which can be paralleled on other sites of the same period. This 
accords with such evidence as we possess about the mine (c. 300 A.D.), and affords 
a valuable indication for the date of the hammer-rubbers which are common on 
many Welsh mining sites. 


SECTION K 


TRANSPLANT EXPERIMENTS. 


REPORT of COMMITTEE on Transplant Experiments (Sir ARTHUR HILL, 
K.C.M.G., F.R.S., Chairman; Dr. W. B. Turrixt, Secretary ; Prof. F. W. 
Ottver, F.R.S., Prof. E. J. Savissury, C.B.E., F.R.S., Prof. A. G. TANsLey, 
F.R.S.). 


THE experiments have been continued at Potterne, Wiltshire, along the lines 
suggested by the Committee. A fifth biennial report has been published in the 
Journal of Ecology, XXVI, 359 (1938), and a summary of results for the first ten years 
of the experiments has also been published (Journal of Ecology, XXVI, 380 (1938)). 

It is requested that the Committee be kept in being for another year and that 
a grant of five pounds be made towards the cost of the experiments. 
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REPORT OF THE COUNCIL 
TO THE GENERAL COMMITTEE FOR THE YEAR 1938-39, 


OBITUARY. 


The Council have had to deplore the loss by death of the following office-bearers 
and supporters :— 


Mr. A. F. T. Atchison Sir Henry Fowler, K.B.E. 

Prof. H. Balfour, F.R.S. Dr. A. Harker, F.R.S. 

Mr. C. O. Bartrum Sir Frederick Hobday 

Dr. Margaret Benson Mr. A. M. Hocart 

Prof. J. W. Bews Sir Robert Mond, F.R.S. 

Dr. L. H. Dudley Buxton Prof. A. W. Porter, F.R.S. 

Dr. J. E. R. Constable Lady Poulton 

Prof. W. Cramp Mr. E. W. Fraser Smith 

Sir Frank Dyson, F.R.S. Prof. A. Smithells, C.M.G., F.R.S. 
REPRESENTATION. 


Representatives of the Association have been appointed as follows :— 


Australia and New Zealand Association for the 
Advancement of Science, Jubilee Meeting . Prof. F. T. Brooks, F.R.S. 
British Standards Institution, Committee on the 


Standardisation of Letter Symbols ‘ . Sir James Henderson. 
Association frangaise pour l’Avancement des 
Sciences, Liége, July, 1939 . j . Prof. C. D. Ellis, F.R.S. 
International Geological Congress, 1940 . . Prof. P. G. H. Boswell, 
F.R.S., and Prof. W. W. 
Watts, F.R.S. 


At the Jubilee Meeting of the Australian and New Zealand Association, Prof. 
Brooks presented the following address :— 


The Council of the British Association for the Advancement of Science offer 
cordial congratulations to the President and Council of the Australian and 
New Zealand Association for the Advancement of Science on the occasion of 
the Jubilee of the Association. 

The two Associations share the common object implicit in their titles, and 
many members of the British Association know by personal contact with scientific 
workers in Australia and New Zealand how successfully that object has been 
pursued in these Dominions. 

It is the earnest hope of the Council that the labours of the Australian and 
New Zealand Association for the cause of Science may be prosperously continued, 
and that the friendly relations between the two Associations may be maintained 
and strengthened. 


RESOLUTIONS AND RECOMMENDATIONS. 
Resolutions and recommendations, referred by the General Committee to the 
Council for consideration, and, if desirable, for action, were dealt with as follows. 
The resolutions will be found in the Report for 1938, p. lviii. 
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(a) A resolution from Section H (Anthropology) dealing with the safe- 
guarding of native tribes in Australia was forwarded in substance to the 
appropriate authorities through Dr. Donald Thomson, whose kind advice and 
co-operation the Council have gratefully to acknowledge. 

(6) On the receipt of a resolution from the Committee of Section H 
(Anthropology) dealing with the desirability of making anthropology a com- 
pulsory subject of study in the training of probationers appointed to proceed 
to India and Burma, the Council were informed that the views of the Section 
would not be overlooked if at any time a general revision of the probationary 
course be contemplated, and that in the meantime certain lectures on 
anthropology had been arranged for the benefit of probationers. 

(c) The Council has had under consideration a resolution from the Organising 
Committee of Section D (Zoology) to the effect that in order to allow for the 
proper investigation of applications for research grants a date not later than 
July 1 should be fixed for the reception of applications, and that Recorders of 
Sections should be instructed to obtain all relevant information to lay before 
the Sectional Committee when applications are considered. The Council refer 
this proposal to the General Committee for consideration and reference, if they 
think fit, to the Committee of Recommendations. 

(d) The Council received, from the Division for the Social and International 
Relations of Science meeting at Reading (as stated in the report of the Division 
annexed hereto), a resolution urging that it be made compulsory, in urban 
areas with a population of 20,000 or more, effectively to pasteurise all milk 
before sale to consumers. The Council thought it desirable before any action 
were taken upon this resolution, a factual report on existing knowledge of the 
whole question of pasteurisation and sterilisation of milk should be obtained, 
if possible, and steps are being taken to this end. 


FINANCE. 


The Council have received reports from the General Treasurer throughout the 
year. His account has been audited and is presented to the General Committee. 
The Council made the following grants from the funds under their control :— 


From the Caird Fund. 


Seismological investigations 100 
Mathematical tables. ‘ . 200 


From the Bernard Hobson Fund. 
Critical geological sections . ‘ ‘ . 60 


From the Leicester and Leicestershire Fund. 


Mr. J. V. Westwood . ; ‘ . 40 
Organisation of research in Education . ‘ ‘ ‘ .» 
Gaps in the informative content of Education ‘ ‘ « 


It was reported to the Council that the Committee of the Division for the Social 
and International Relations of Science were collaborating with PEP (Political and 
Economic Planning) on an inquiry into research in Britain, necessitating the 
employment of a full-time inquirer. The Council authorised a grant from Associa- 
tion funds of £100, equivalent to three months’ salary for this inquirer, in order 
that the start of the work should not be unduly delayed. It was anticipated that 
funds would be available from other sources after this period. 


I 


| 
| 
d | 
d 
en 
d, 

} 


130 


Corporation Membership.—The following have been admitted to corporation 
membership since the previous report of the Council (list corrected to August 9, 
1939) :— 

Educational Institute of Scotland 
County Borough of Brighton, for Booth Museum, Dyke Road, Brighton 
Messrs. W. H. Allen, Sons, & Co., Queen’s Engineering Works, Bedford 
Messrs. William Denny & Brothers, Dumbarton 
Messrs. Vickers-Armstrong, Ltd. 
Messrs. Drysdale & Co., Bon Accord Works, Glasgow 
Messrs. Babcock & Wilcox Ltd. 

The Council gratefully acknowledge the kind help of Mr. R. W. Allen, C.B.E., 
in making known the conditions of corporation membership to many of his 


engineering colleagues. 


PRESIDENT (1940), GENERAL OFFICERS, GENERAL COMMITTEE, AND CoUNCIL, 

President (1940).—The Council’s nomination to the Presidency of the Association 
for the year 1940 (Meeting at Newcastle-upon-Tyne) is Sir Richard Gregory, Bt., 
F.R.S. 

The General Officers have been nominated by the Council as follows :— 

General Treasurer, Prof. P. G. H. Boswell, F.R.S. 

General Secretaries, Prof. F. T. Brooks, F.R.S., Prof. Allan Ferguson. 

General Committee.—The following have been admitted as members of the General 
Committee :— 


Dr. R. O. Buchanan Dr. E. H. Rodd 

Mr. C. R. Bury Mr. F. Sandon 

Capt. C. Diver Prof. W. Shearer 

Prof. E. Hindle Prof. E. A. Spaul 

Prof. H. G. Jackson Dr. C. J. Stubblefield 
Prof. R. G. W. Norrish, F.R.S. Prof. S. Sugden, F.R.S. 
Prof. J. Read, F.R.S. Prof. C. M. Yonge. 


Council_—The retiring Ordinary Members of the Council are Prof. F. Aveling, 
Prof. F. Balfour Browne, Dr. C. R. Fay, Prof. A. V. Hill, Sec. R.S., Dr. J. A. Venn. 

The Council have nominated as new members Prof. J. H. Hutton, Sir Richard 
Livingstone, and Prof. H. S. Raper, F.R.S., leaving two vacancies to be filled by 
the General Committee without nomination by the Council.} 

The full list of Ordinary Members nominated is as follows :— 


R. W. Allen, C.B.E. Sir Richard Livingstone 

Dr. F. W. Aston, F.R.S. Prof. T. S. Moore 

Sir T. Hudson Beare Prof. J. C. Philip, O.B.E., F.R.S. 

Rt. Hon. Viscount Bledisloe, P.C., Prof. H. S. Raper, F.R.S. 
G.C.M.G., G.B.E. Prof. J. G. Smith 

Dr. W. T. Calman, C.B., F.R.S. Lt.-Col. W. Campbell Smith 

Prof. F. Debenham, O.B.E. Prof. C. Spearman, F.R.S. 

Prof. W. G. Fearnsides, F.R.S. Dr. C. Tierney. 

Prof. H. J. Fleure, F.R.S. Prof. Sir Gilbert Walker, C.S.L., 

Prof. F. E. Fritsch, F.R.S. F.R.S. 

Sir Richard Gregory, Bt., F.R.S.4 R. S. Whipple 

Prof. T. G. Hill J. S. Wilson 


Prof. J. H. Hutton 


1 The General Committee, having accepted the Council’s nomination of Sir Richard Gregory, Bt., F.R.S., t0 
the Presidency of the Association, were actually in a position to fill three vacancies among ordinary members of the 
Council, and did so by appointing Dr. A. P. M. Fleming, C.B.E., Sir John Graham Kerr, M.P., F.RS., and 


Prof. H. O. Meredith. 
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Future MEEtinGcs, Etc. 


The General Committee have already accepted invitations for the Association 
to meet in Newcastle-upon-Tyne in 1940 and Belfast in 1941 and in Birmingham 
in 1942. The General Committee should be made aware that invitations for 
subsequent years have been received from Brighton and Plymouth, in addition to 
Swansea, to which reference was made in the previous report of the Council. 

The Council have pleasure in reporting the receipt of a resolution from the 
Executive Committee of the Indian Science Congress Association in the following 
terms :— 


The Executive Committee of the Indian Science Congress Association have 
received with sincere pleasure and gratification the resolution of the Council 
of the British Association stating that the visit of their Scientific Delegation to 
India has been a complete success and has enabled the Members of the Delega- 
tion to make or renew personal contacts with Indian Scientific Workers and 
leaders of thought. They share with the Council of the British Association the 
belief that much good would result from the visit. The Executive Committee 
very much appreciate the friendly feelings expressed by the Council of the 
British Association on behalf of the Delegation to the authorities and individuals 
who contributed towards the success of the Silver Jubilee Session and expressed 
in particular their appreciation of the reference to the Executive Committee of 
the Indian Science Congress Association. The Executive Committee convey 
to the Council of the British Association their warmest appreciation of the 
manner in which the British Association have responded to their invitation to 
join the Indian Science Congress Association in joint session to celebrate the 
Silver Jubilee Session. 


The Council have learnt with interest that informal conversations have taken 
place with regard to the possibility that the Association may be invited to form small 
delegations to visit the West Indies and Southern Rhodesia. 


MISCELLANEA. 


Relations with the American and French Associations—The Council received with 
satisfaction the acquiescence of the American Association for the Advancement of 
Science to the proposal, adopted by the General Committee at the Cambridge 
Meeting, ‘ that active members of the Council of the British Association, and the 
executive committees and sectional secretaries of the American Association, should 
automatically become honorary members’ of each others’ Associations during their 
terms of office. The plan for the interchange of lecturers between the two Associa- 
tions in alternate years was carried forward, with the result that the Council were 
fortunate in securing the acceptance of Dr. Isaiah Bowman, President of Johns 
Hopkins University, to deliver the first lecture of this series at the Dundee Meeting. 

The Council have gladly adopted a proposal of L’Association Frangaise pour 
’Adancement des Sciences, whereby the President, Vice-president, Secretary, 
Vice-Secretary, Treasurer, and Secretary of the Council of L’Association Frangaise 
should be honorary members of the British Association, and that the President, 
General Treasurer, General Secretaries, and Secretary of the British Association 
should be honorary members of L’Association Frangaise. 


“The Advancement of Science,’ quarterly publication of Report.—The General Officers, 
after considering a number of printers’ estimates and reporting to Council, were 
authorised to accept the estimate of Messrs. Spottiswoode, Ballantyne & Co. Ltd., 
who have printed the reports of the Association for upwards of sixty years. The 
Council resolved that, to non-members of the Association, the published price 
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of each quarterly part should be 5s., or by subscription payable in advance, 15s. 
(four parts). 

Corporate Seal of the AssociationWhen the Association was granted armorial 
bearings they were substituted for the device previously used on the corporate seal. 
The Council are advised that this substitution should be approved by formal 
resolution, and they recommend the General Committee accordingly. 


DOWN HOUSE COMMITTEE. 
REPORT TO THE COUNCIL FOR THE YEAR 1938-39. 


The number of visitors to Down House during the year ending June 6, 1939, 
has been 7,362, compared with 7,185 in 1937-38. 

Among gifts to the collection during the past year, the following should be 
mentioned. Dr. C. G. Darwin, F.R.S., allowed reproductions to be made of selected 
pages from the original Diary of the Voyage of the Beagle. ‘These were presented 
by Prof. F. T. Brooks, F.R.S., were exhibited at the Cambridge Meeting of the 
Association last year, and are now hung in the New Study at Down House. 
Prof. Brooks also presented a collecting bottle used by Darwin during the voyage 
and still containing specimens. It may be mentioned incidentally that an endeavour 
to answer a question put recently by a visitor to the house, resulted in the discovery 
that there is uncertainty as to the present location of some of the scientific collections 
made by Darwin during the voyage and either sent or taken home by him: it is 
intended to attempt to form a list of these and of their whereabouts so far as they 
are preserved. Two oil-colour views of the house, dating about 1820, have been 
presented by Mr. A. Johnson, a descendant of the then occupier. ‘The measures so 
far taken to collect biographies of Darwin and contemporary literature bearing 


upon his work—a step commended by the Council in their report last year—have > 


resulted in the acquisition of a number of useful books and papers not previously 
in the library. Special reference is due to a series of ‘ Darwin critiques’ collected 
by T. H. Huxley and bound together ; these have been presented by Dr. Julian 
Huxley. Further endeavours are being made to add to the collection. 

The new edition of the Catalogue, referred to in the previous Report of the 
Committee, is now on sale. Its cost, thanks to the use of the Replika process for a 
considerable part of it, was much less than that of the first edition, and its sales will 
in due course leave a margin of profit. 

The precipitation for the year 1938 read from the standard rain gauge, was 
25-93 in., compared with 39-12 in. in 1937. The average for the district is of the 
order of 29 in. | 

During the international crisis in September 1938 it was arranged that the old 
kitchen of the house, and adjacent rooms, should form a first-aid station for Downe 
and district. Certain necessary fitting was carried out (and remains in place), and 
the premises were used, then and afterwards, for first-aid classes. The old kitchen 
has also been used for certain Women’s Institute classes. 

The Committee are glad to know that the Council expressed to the Orpington 
Urban District Council their satisfaction at the acquisition of the High Elms estate 
for the Green Belt. As the home of the Lubbock family and in particular of 
Sir John Lubbock, afterwards Lord Avebury, Darwin’s close friend for nearly forty 
years, High Elms has an intimate relationship with Down House ; while it will be 
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remembered also that Lubbock was President of the Association in its Jubilee Year, 
1887. 

One of the custodians of the house, H. Robinson, terminated his employment 
with the Association as from April 5, 1939, after rendering valuable service since 
1929. Certain adjustments of duties among other members of the staff have been 
made, and it has been found unnecessary immediately to fill his place by making 
a further full-time appointment ; nor should this become necessary so long as the 
present arrangements work smoothly. 

The financial statement for the year is included as usual in the General Treasurer’s 
Accounts. It will be remembered that the generous grant from the Pilgrim Trust, 
£150 per annum in recent years, was to be ‘ tapered’ to £100 in the past financial 
year and to £50 in 1938-39, after which it ceases. The Committee ask to be 
associated with any expression of thanks which the Council may convey to the Trust. 


DIVISION FOR THE SOCIAL AND INTERNATIONAL 
RELATIONS OF SCIENCE 


REPORT FOR THE YEAR 1938-39 


The Division was founded by resolution of the General Committee of the Asso- 
ciation in August 1938, with four main functions : 


(a) To arrange meetings at the time and place of the annual meetings of the 
Association and also elsewhere at other times. 


(b) To co-ordinate work dealing with the social relations of science, both at 
home and abroad. 


(c) To be prepared to act in a consultative capacity, and to supply information 
to organisations, individuals, and the public. 


(d) To initiate and carry out inquiries and research, and to secure publication of 
the results thereof. 


The organisation of the Division is in the charge of a Committee whose personnel 
is as follows : 


Chairman : Sir Richard Gregory, Bt., F.R.S. 


Vice-Chairmen : Sir Daniel Hall, K.C.B., F.R.S. ; Sir Frederick Gowland Hopkins, 
O.M., F.R.S.; Sir John Russell, F.R.S., and the Rt. Hon. Lord Stamp, G.C.B., 
G.B.E. 


Committee: Prof. F. C. Bartlett, F.R.S.; Prof. J. D. Bernal, F.R.S.; Prof. 
P. M. S. Blackett, F.R.S. ; Mr. Ritchie Calder ; Mr. A. M. Carr-Saunders ; Prof. 
S. Chapman, F.R.S. ; Dr. C. H. Desch, F.R.S. ; Prof. A. C. G. Egerton, Sec.R.S. ; 
Prof. H. J. Fleure, F.R.S. ; Mr. E. W. Gilbert ; Mr. N. F. Hall ; Mr. R. F. Harrod ; 
Prof. A. V. Hill, Sec.R.S.; Sir Clement Hindley, K.C.I.E. ; Prof. L. Hogben, 
F.R.S. ; Dr. L. E. C. Hughes; Dr. J. S. Huxley, F.R.S. ; Mr. D. Caradog Jones ; 
Prof. H. Levy ; Dr. C. S. Myers, C.B.E., F.R.S. ; Mr. Max Nicholson ; Sir John 
Orr, F.R.S.; Prof. J. C. Philip, F.R.S.; Prof. J. G. Smith; Prof. Sir George 
Stapledon, C.B.E., F.R.S.; Prof. F. J. M. Stratton ; Prof. F. E. Weiss, F.R.S. ; 
Mr. H. G. Wells ; Mr. J. S. Wilson ; Dr. S. Zuckerman ; and the President and 
General Officers of the British Association, ex officio. 
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The following are members of the Executive Sub-Committee : the Chairman of 
the Committee, the General Officers of the Association, together with Mr. Ritchie 
Calder, Mr. A. M. Carr-Saunders, Dr. J. S. Huxley, F.R.S., Prof. H. Levy, and Sir 
John Orr, F.R.S. 

The establishment of the Division was widely welcomed in the press and else- 
where, and from the outset the Committee received numerous suggestions regarding 
topics which might receive consideration. It was found expedient to form several 
sub-committees with special terms of reference. The work of these committees 
is set out in some detail below, and the following is a general review of matters dealt 
with by the main Committee. 


RELATIONS WITH OTHER ORGANISATIONS. 


A statement of the aims and objects of the Division, together with a request for 
information on any work in the field of social relations of science, was circulated to 
some 350 associations, institutions and learned societies in the British Isles and abroad. 
From some of these bodies replies were received which indicated that much work 
has been done, or is in progress. Some of this work is as yet not widely known, and 
in certain instances opportunity has already been found for the Division to exercise 
its function of co-ordination. Many offers of co-operation were received from bodies 
particularly interested in the social impacts of science, and several valuable contacts 
have been made. Notably, the Division learned that PEP (Political and Economic 
Planning) proposed to prepare a report on the organisation of research in Great 
Britain, but was hampered by lack of funds to start the work. The Council of the 
Association, at the instance of the Divisional Committee, voted £100 as salary for 
the research worker appointed by PEP to collect the factual material. This enabled 
the work to proceed immediately, pending the acquisition of funds to maintain the 
inquiry from other sources. The necessary support has since been obtained from 
the Leverhulme Trustees, who have made available sufficient funds to carry on the 
inquiry until the autumn of 1940. The Division is represented on the committee 
supervising the work and will be associated with the report to be published in due 
course. Meanwhile an interim account of the work will be given at the Dundee 
Meeting of the Association. 


RELATIONS WITH SECTIONS OF THE ASSOCIATION. 


Some of the topics which came to the Division for attention were considered to be 
germane to the interests of various Sections of the Association and were referred to 
the appropriate Organising Sectional Committees. In this connection, papers and 
discussions have been arranged for the Dundee Meeting as follows: Section B 
(Chemistry), discussion on supply and utilisation of light metals; Section F 
(Economics), papers on Scottish industries ; Section L (Education), discussions on 
education for industry and in industry. It has also been recommended to Sections 
B (Chemistry), C (Geology), F (Economics), and G (Engineering) that, with the 
assistance of the Division, a report should be prepared on the supply and utilisation 
of light metals. 


SUBJECTS FOR CONSIDERATION. 


The wide variety of topics with which the Division has been concerned may be 
further judged from the following selection of suggestions which have received 
attention : 

(2) Analysis of prospective effects of changes in population structure. This 
matter, which, as the Divisional Committee learned, is under investigation by the 
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Population Investigation Committee and the Population Policies Committee, will be 
dealt with in a discussion at the Dundee Meeting. 

(b) Review of areas and objects worthy of protection on scientific grounds. This 
was referred in the first instance to the recently appointed National Atlas Committee 
of the Association (Section E, Geography), which, among the series of maps proposed 
to be prepared, is understood to contemplate one showing protected areas and sites. 

(c) Incidence of taxation on scientific research. On this subject the Association 
of Scientific Workers have prepared memoranda. The Division recommended 
that the Association’s representative on the Parliamentary Science Committee be 
requested to support any proposals which might be brought before that body by 
the A.S.W. with a view to introducing legislation intended to ameliorate hardships 
suffered by scientific research in the matter of taxation. 

(d) Recommendations concerning details demanded in census returns and their 
analysis, which were referred to the Council of the Association. 


(e) Broadcasts on scientific subjects. Liaison has been established with appro- 
priate departments of the B.B.C. 

(f) Scientific news in the Press. A Sub-Committee has been appointed to con- 
sider and report upon possible methods of improving and extending relations with 
the Press. 

(g) Scientific exhibitions. In this connection it is under consideration whether 
an exhibition may be arranged during a meeting (or more than one meeting) of the 
Association in the near future. 

(h) Co-operation with the International Council of Scientific Unions in relation 
to questionnaires on science and society issued by the Committee of the International 
Council dealing with Science and Social Relations. 

(t) Assisting the Society for the Protection of Science and Learning. The 
Division directed to the American Association for the Advancement of Science an 
appeal for the stimulation of interest in the work of the above Society in relation to 
their work on behalf of intellectual refugees. 


REPRESENTATION. 


Representatives were appointed as follows : 
Prof. Allan Ferguson to the scientific committee of the National Book Council. 
Prof. J. C. Drummond to the London meeting of the British Medical Association 
on Nutrition. 


SuB-CoMMITTEES. 


(i) Meetings—This Sub-Committee has made arrangements for public meetings 
of the Division of which details are given below. 


(ii) National Research Organisation—This Sub-Committee was appointed to con- 
sider and report on the desirability of supplementing existing national research 
organisations whether in normal circumstances or in times of emergency. With a 
view to ascertaining details concerning systems of controlling and distributing 
grants in aid of research in other countries an inquiry was directed to correspondents 
in U.S.A., France, Belgium, Holland, Denmark and the Dominions. Several 
replies have been received and a report will be prepared. 

Two memoranda were prepared for the consideration of the Committee, by 
Prof. A. C. G. Egerton, Sec.R.S., and by Prof. J. D. Bernal, F.R.S., and Dr. Julian 
Huxley, F.R.S., respectively, dealing with expenditure of public funds on research 
and discussing the question of a Research Co-ordination Council. These were 
combined into one memorandum, and are under the consideration of the Divisional 
Committee. The Committee is in touch with PEP in respect of the report on 
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research in Great Britain, noted above, and is represented on the supervisory 
committee. 

The Committee received notice of a proposal to establish a Committee of Science 
in the House of Lords and undertook to make contact with this Committee if and 
when established. 


(iii) Nutrition and Agriculture—This Sub-Committee was formed to assist in the 
co-ordination and presentation of work already done in nutrition and agriculture. 
The Sub-Committee decided that milk in its nutritional and allied aspects was a 
desirable topic for immediate attention, and it was arranged to hold a public meeting 
at Reading at which prominent authorities on the subject should be invited to read 
papers to be followed by discussion. A report on this meeting and on a resolution 
put forward from it to the Council is given below. 


(iv) Economic requirements of Nations —A Sub-Committee was appointed to consider 
means for the study of the economic requirements of nations in relation to the sources 
of raw materials, incidence of population, standards of living, industrial develop- 
ments, etc. 


(v) Science and Industry—A Sub-Committee appointed to report on means of 
carrying forward an enquiry into the influence of scientific and technical develop- 
ments on the relative importance of different industries, and on the total volume of 
employment, decided in the first instance that its work could, at this stage, be most 
effectively achieved by securing publicity for results already obtained and by co- 
ordinating researches in this field. The work of the Committee will be maintained 
along these lines. Several suggestions were made as to topics for discussion at 
meetings of the Division, e.g. the parallel study of the effects of science on an old 
industry (cotton) and a new industry (plastics) for which see the report of the 
Manchester Meeting below. The Committee has under consideration the establish- 
ment of a research worker, if necessity arises and funds are available, at the Oxford 
Institute or elsewhere. 


(vi) Soctal Psychology.—On the recommendation of various Sections of the Associa- 
tion, the Division appointed a Sub-Committee to implement recommendations made 
in 1936 by the Social Psychology Committee of Section J (Psychology). The 
functions of this Committee, which are mainly of a co-ordinating character, include 
‘to make and maintain contact with the various bodies or individuals carrying on 
investigations in the different fields covered by social psychology, and, on the other 
hand, to take such steps as may be possible to stimulate and encourage investigation.’ 


(vii) Finance.—It is evident that the activities of the Division must involve 
expenditure. An addition has been made to the clerical staff of the Association on 
account, partly, of the additional office work resulting from the creation of the 
Division: a substantial increase in correspondence and circularising has been 
caused, as also additional printing. The meetings held by the Division in Reading, 
London and Manchester have each necessitated some expenditure on incidental 
expenses ; and it may be noted in this connection that admission to these meetings 
has been free. The expenditure on account of the Division shown in the General 
Treasurer’s account for the financial year ending March 31, 1939, was £46 16s. 6d., 
in addition to the grant of £100 made for the inquiry on research in Great Britain 
as reported above. Ifit were possible to command larger funds, it cannot be doubted 
that the position of the Division would be materially stronger, especially in the 
direction of initiating or supporting inquiries such as, in several directions, have been 
already mentioned to the Committee. A Finance Sub-Committee made a recom- 
mendation to the Council that consideration should be given to the disirability of an 
appeal for funds to (a) private individuals and firms, (6) trusts at home, (c) trusts 
abroad, (d) H.M. Government. The Council adopted this recommendation, with 
the provision that of these possible sources, the first named should be first explored. 
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MEETINGS. 


An important function of the Division has proved to be the arrangement of 
meetings for the discussion, not only at the time of the annual meeting of the 
Association but also elsewhere, of topics proposed to the Committee and considered 
to be appropriate to the Division. The following meetings have been held : 


(1) Reading.—A meeting was held in the University of Reading, by permission 
of the Council of the University, on March 28, 1939, when the topic for discussion 
was Milk in its nutritional and allied aspects. ‘Two sessions were held as follows : 


First Session Sir Richard Gregory, Bt., F.R.S., in the chair. 
Deficiences in present-day diet, by Dr. Harriette Chick, C.B.E. 
Health aspects, by Prof. J. C. Drummond. 

Implications of compulsory pasteurisation, by Dr. A. W. Scott. 


Second Session.—Sir Daniel Hall, K.C.B., F.R.S., in the chair. 
Agricultural aspects of production, by Mr. J. Mackintosh, O.B.E. 
Distribution of cost : economic and social implications, by Mr. John Cripps. 


The meeting, which was preceded by a visit to the National Institute for Research 
in Dairying, at Shinfield, was attended by some two hundred people, including 
representatives appointed by the Milk Marketing Board, Ministry of Agriculture, 
Co-operative Societies, Dairy firms, Farmers’ Unions, Associations of Medical 
Officers of Health, and other organisations. The papers were followed by discussion, 
and the following resolution was recommended to be sent to the Council of the 
Association for consideration and possible action : 


‘ In view of the proved danger of the spread of epidemic and other diseases 
by the consumption of raw milk, of the efficiency of controlled pasteurisation 
in abolishing this danger and of the slight damage to the nutritive and other 
properties of milk caused by effective pasteurisation, it is essential for the 
national health that it be made compulsory in all urban areas with a population 
of over 20,000 or more to pasteurise effectively all milk before sale to consumers 
to ensure its safety and to assist in securing that increase in the per capita con- 
sumption of liquid milk which is essential for improvement in the national level 
of nutrition.” 


The Council, after consideration and consultation with the Nutrition Sub- 
Committee, considered it desirable that before taking any action on this resolution, 
a factual report on the whole question of the pasteurisation and sterilisation of milk 
should be procured, and steps are being taken to do this. 


(2) London.—A meeting was held in the Royal Institution, by permission of the 
Managers, on May 25, 1939, Sir Richard Gregory, Bt., F.R.S., in the chair, when 
the following papers were read before an audience of some two hundred and fifty : 


Developments in the impact of science on society, by Prof. Ernest Baker. 
How the application of science to agriculture is impeded, by Sir Daniel Hall, 
K.C.B., F.R.S. 


Prof. Barker’s paper was an objective study of the social implications of science, 
and Sir Daniel Hall spoke on the various ways in which British agriculture is 
frustrated by time-lag in the application of scientific knowledge. 


(3) Manchester.—In co-operation with the Manchester Literary and Philosophical 
Society, a meeting of the Division was held in the Physics Department of Manchester 
University, by permission of the Vice-Chancellor, on June 21, 1939. The meeting 
was preceded by an informal conversazione in the house of the Manchester Literary 
and Philosophical Society, during the evening of June 20. The programme of the 
meeting was as follows : 
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First Session. —11.0 a.m. to 12.30 P.M. 
Chairman : Prof. J. S. B. Stopford, F.R.S., Vice-Chancellor of the University. 
Speakers: Sir Richard Gregory, Bt., F.R.S., Chairman of the Division, on 
The Aims of the Division. 
Prof. H. Levy on Social Relations of Science : Principles and 
Methods of Analysis (being the Alexander Pedler Memorial 
Lecture). 


Second Session.—2.15 to 3.45 P.M. 
Chairman : Prof. D. R. Hartree, F.R.S., President of the Manchester 
Literary and Philosophical Society. 
Speaker: Dr. F. C. Toy on The Influence of Science on the Cotton 
Industry. 


Third Session.—4.15 to 6.0 P.M. 
Chairman : Sir Richard Gregory, Bt., F.R.S. 
Speakers: Dr. V. E. Yarsley and Mr. E. G. Couzens on The Plastics 
Industry. 


It is hoped to publish reports of all the above meetings in due course in the forth- 
coming quarterly publication of the Association, The Advancement of Science. The 
Manchester Literary and Philosophical Society is publishing Prof. Levy’s Alexander 
Pedier Lecture and the papers on the cotton and plastics industries. 

(4) Dundee.—Arrangements have been made for three sessions of the Division 
during the Annual Meeting of the Association, when the subjects for discussion will 
include Research in Great Britain (an interim report on the PEP inquiry being 
presented) ; Population Problems ; International Intellectual Co-operation ; and 
Nutrition ; and Sir Richard Gregory, Bt., F.R.S., will deliver a lecture on Science 
and Social Ethics. Full particulars will be furnished in the programme of the 
Dundee Meeting. 


GENERAL CONCLUSIONS. 


In conclusion, it may be said that the Division has already in view wide fields 
of activity in each of the main functions assigned to it, and stated at the opening of 
this, its first annual report. Those who have been most closely concerned with its 
work have acquired the impression that important schemes for strengthening the 
social and international relations of science, much valuable investigation into 
relevant problems, are at the present time the concern of many—perhaps too many— 
organisations. The work of co-ordination, as will be apparent, has already been 
entered upon in certain directions : with the co-operation of other bodies seeking 
the same object it should be capable of great extension. In this, as in the function 
of consultation, the Division will welcome approaches by any kindred organisation. 
In the field of inquiry and research the possibilities within the scope of the Division 
will be limited only by the financial resources which the Association is, or may 
become, able to command. 
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GENERAL TREASURER’S REPORT, 1938-39. 


Tue General Treasurer’s Annual Account is doubtless studied carefully by all 
Members who have the Association’s interests at heart : it is nevertheless desirable 
that attention should be directed from time to time to our general financial policy. 
In view of the recent establishment of the Division for the Social and International 
Relations of Science and the decision to publish quarterly instead of annual reports, 
the present occasion would seem to be particularly appropriate for such a review. 

In the management of the British Association the preparation of an estimate of 
income and expenditure is rendered peculiarly difficult by the wide fluctuation of 
certain items, notably the revenue from membership subscriptions, from year to 
year. Yet it is necessary that revenue should be stabilised as firmly as possibie if 
we are to know the extent to which research committees and new activities can be 
financed. 

In the past the excess of income over expenditure was wholly applied as grants 
in aid of research. As the annual membership fluctuated so widely, these grants 
necessarily varied considerably in number and amount. In the present accounts 
they are set out in a separate schedule. Efforts directed to stabilising the position 
therefore necessitated the ordering of the accounts in such a manner that non- 
recurrent items of income and expenditure were not allowed to interfere with the 
amount available for research. ‘The obvious way to achieve this aim lay in the 
institution of a compensating fund. A fund of this nature has been built up during 
the past five years to a total of £2,000, and appeared in last year’s accounts as 
Contingency Fund A; its name has been changed to Grants Equalisation Fund. 
The accumulation of a second such fund (which appeared in last year’s accounts 
as Contingency Fund B, here simply Contingency Fund) has now proved possible. 
Thanks to the large membership of the Cambridge Meeting, this fund has been 
augmented in the present year by the sum of £352 15s. 2d. It now stands at 
£382 11s. Sd. and will form a nucleus for exceptional expenditure such as that 
required for overseas delegations, special exchange lecturers and the like. But we 
can hardly expect, although we may hope, that the average attendance at the next 
few Annual Meetings will equal that at Cambridge. In view of the additional costs 
that must be met in the matters of printing and Divisional activities, the growth of 
the fund will necessarily be slow. 

Expenditure directly attributable to the work of the new Division will be seen 
from the accounts to amount to £170. Further, there is additional printing, postage, 
stationery, and office assistance, the cost of which is difficult to allocate. As the 
activities of the Division increase, it will clearly be impossible to finance them unless 
our income is augmented by donations and additional membership. 

Efforts are being made to induce those who intermit their subscriptions and 
attendance at the Annual Meeting to become regularly subscribing members ; also 
to increase the list of Life Members and Corporation Members. I have recently 
issued an appeal dealing with the need for extension of membership, in which new 
activities of the Association, including those mentioned above, are detailed. 
Co-operation in these efforts will be warmly welcomed from all those who appreciate 
the benefits that Science confers and wish to aid the Association in discharging its 
function of the advancement of science. 


P. G. H. BoswE Lt, 
General Treasurer. 
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Balance Sheet, 


Corresponding 
Figures 
31st March, 
1938. 

& 


42,648 7 2 


9,750 14 2 


23 8 7 


1,407 18 6 


LIABILITIES 
GENERAL PURPOSES :— 


Sundry Creditors 


s 


Hon. Sir Charles Parsons’  pift (£10, 000) and legacy (2, 000) 


The late Sir Alfred Ewing’s legacy 
~ British Science Guild : Capital Fund 


Accumulated Fund (including Bequest of £10 from Jaakoff Prelooker) 


As per last Account , 
Less Transfer to Overseas Delegations Fund . 


Yarrow Fund 
As per last Account ‘ 
Less Transferred to Income and Expenditure 
Account under terms of the gift 


Life and Corporate Compositions 
As per last Account 
Add Received during year :— 
Life Compositions 
Corporate Compositions 


215 10 
5210 0 


Less Transferred to Income and Expenditure 


Grants Equalisation Fund . 


Contingency Fund 
As per last Account ° 
Amount transferred from Income and Ex- 
penditure Account 


Overseas Delegations Fund 
Transfer from Accumulated Fund 
Less Expended during year 


SPECIAL PURPOSES :— 


Caird Fund 
Balance at Ist April, 1938 
Add Excess of Income over Expenditure for 


Mathematical Tables Fund 
Balance at Ist April, 1938 
Receipts from Sales 


Cunningham Bequest Fund 
Balance at Ist April, 1938 
Add Excess of Income over Expenditure for 


Carried {orward 


16,281 13 
783 4 


4,361 6 
396 18 


3,258 19 


268 0 


3,526 19 


30 0 


9,750 14 
100 3 


23 8 
25 13 


1,407 18 
34 7 


NN 


€ 


748 
12,000 
500 
3,431 


15,498 


3,964 


781 
42,803 


9,850 


49 


1,442 
54,146 


0 
0 
1 


woon 


o 
on 


3 11 
17 9 


7 3 


3 0 
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| 
| 
—— 9 
| 
8 3 
| 
(0 
| 
3,496 1 
| 
29 16 3 | 
352 15 2 
382 11 5 
783 4 6 
20 7 * 
2 
1 \ 
6 
m2 i 
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31st March, 1939 


Corresponding 
Figures 
31st March, 
1938. 


42,648 7 2 


9,750 14 2 


23 8 7 


1,407 18 6 


ASSETS 
GENERAL PuRPOSES :— fw & 
Investments as scheduled with Income and Ex- 
penditure Account, No.1 . ‘ § 
Sundry debtors and payments in advance . ‘ 33 02 11 
Cash at bank ‘ ‘ 139 10 7 
Cash in hand ‘ ‘ 28 14 10 
SPECIAL PuRPOSES :— 
Caird Fund Account 
Investments (see Income and Expenditure 
Account, No.2) ; ‘ 9,582 16 3 
Cash at bank . 268 1 O 
Mathematical Tables Fund Account 
Cash at bank . ; 
Cunningham Bequest Fund Account 
Investments (see Income and Expenditure 
Account, No. 3). 1,305 7 2 
9 


Cash at bank . 136 18 


Carried forward 


42,803 


9,850 


49 


1,442 
54,146 


17 9 


17 3 


5 il 
3 0 


> 
iL 

| : 
) 

| P 

\ 

| 


142 


Balance Sheet, 


Corresponding 
Figures 
31st March, 
1938. 


182 18 10 


1,031 7 9 


1,041 6 8 
723 4 6 


64 2 0 


289 4 6 


20,043 5 1 


77,195 17 9 


LIABILITIES (continued) 


Brought forward 


Toronto University Presentation Fund 
Capital 
Revenue 


Bernard Hobson Fund 
Capital 
Revenue—Balance per last Account . 
Add Excess of Income over Expenditure for 
the year ‘ 


Leicester and Leicestershire Fund, 1933 
Capital 
Revenue—Balance per last 

Account . 41 6 8 
Less Excess of Expenditure 


over Income for the year 31.16 1 


Herbert Spencer Bequest Fund ‘ 
Less Excess of Expenditure over Income for 
the year 


Norwich Fund, 1935 
Balance per last Account 
Less Expenditure for year 


Radford Mather Lecture Fund 
Capital 
Add Excess of Income over er Expenditure for 
the year 


Down House 
Endowment Fund . 
Sundry Creditors and Credit Balances 
Cash balance overdrawn ~ 


178 11 4 
47 6 
1,000 0 0 
31 7 9 
43 6 6 
1,000 0 U 
910 7 
723 4 6 
90 13 10 
54 2 0 
54 2 0 
250 0 O 
73 
20,000 0 0O 
2915 4 
99 15 1 


NOTE.—There are contingent Liabilities in respect of grants voted to 
Research Committees at Cambridge and by Council in 1938 but 


not claimed at 31st March, 1939, as follows : 
General Fund . 
Caird Fund 
Hobson Fund . F 
Leicester and Leicestershire Fund rs 


212 4 8 
139 10 1 
60 0 0 
2319 9 


435 14 6 


£ os. d. 
54,146 3 0 


182 18 10 


1,074 14 3 


1,009 10 7 


632 10 8 


257 5 6 


20,129 10 5 


£77,432 13 3 


I have examined the foregoing Account with the Books and Vouchers and certify 
the Investments, and the Bank have certified to me that they hold the Deeds 


Approved : 
Ezer GRIFFITHS Auditors. 
R. S. WHIPPLE 
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31st March, 1939 (continued) 


ASSETS 6(continued) 
igures 
31st March, « @ 
Brought forward . 54,146 3 0 
Toronto University Presentation Fund Account 
Investments (see Income and Expenditure 
Account, No. ‘ ‘ 178 11 4 
Cash at bank . 47 6 
182 18 10 —_—_-——_ 182 18 10 
Bernard Hobson Fund Account 
Investments (see Income and Expenditure 
Account, No. 5). 1,000 0 0 
Cash at bank . ‘ ‘ 74 14 3 
1,031 7 9 ————-__ 1,074 14 3 
Leicester and Leicestershire Fund, 1933 Account 
Investments (see Income and Expenditure 
Account, No.6) . ‘ 1,000 0 0 
Cash at bank . ‘ 910 7 
1041 6 8 ————-__ 1,009 10 7 
Herbert Spencer Bequest Fund Account 
Investments (see Income and Expenditure 
Account, No. 8). ‘ 608 16 0 
Cash at bank . 23 14 8 
723 4 6 632 10 8 
Norwich Fund, 1935 Account 
54 2 0 Cash at bank . ‘ -- - 
Radford Mather Lecture ‘Fund Account 
Investments (see Income and Expenditure 
Account, No.9) ‘ ‘ 250 0 0 
Cash at bank . 7 5 6 
289 4 6 ee ee 257 5 6 
Down House Account 
Endowment Fund Investments (see Income 
and Expenditure Account, No.7). - 20,000 0 0 
Cashin hand . ‘ 22 7 11 
Sundry debtors and payments in advance. 67 4 6 
Suspense Account 
Excess of Expenditure over 
Income for the year. 70 10 7 
Less Credit balance as 
per last account . ‘ 30 12 7 
20,043 5 1 20,129 10 5 
77,195 17 9 £77,432 13 3 


the same to be correct. I have also verified the Balance at the Bankers and 
of Down House. 
W. B. Kren, Chartered Accountant. 
23 Queen Victoria St., London, E.C. 4. 
29th June, 1939. 
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Schedule of Grants paid to Research Committees, etc. 


during the financial year April 1, 1938, to March 31, 1939 


NOTE.—The year indicated in brackets after the title of each committee is that 
of its original appointment, and the sum, if any, is that previously expended 
out of grants by the Association. 


1. Paw our oF GENERAL Funp. € 
Thermal Conductivities (1934: £11 9s. 3d.) ‘ 29 11 9 
Zoological Record (1923: £685). 50 0 0 
Bird Behaviour (1938). 40 0 0 
Sex in Salmon (1938) . 25 0 0 
Freshwater Biological Station, Windermere (1930: 
£562 15s. 11d.) ‘ ‘ 75 0 0 
Insular Faunas (1938). ‘ 10 0 O 
Plymouth Laboratory (1886: £1, 398 10s. 8d. ) ; . 50 0 0 
Density of Living Organisms (1938) 40 0 
Human Geography of Tropical Africa (1926 : ie 2s. 4d. ) 8 6 
National Atlas (1938) . ; 10 0 O 
Chronology of the World Crisis (1932: £ 19). ‘ ; 5 0 0 
Early Mining Sites in Wales (1935: £1 19s. 4d.) . : 8 0 0 
Derbyshire Caves (1921: £358 15s. 8d.) .. 25 0 
Kent’s Cavern (1925: £35) 5 0 0 
Routine Manual Factor (1931: £80) . 50 0 
Cytology and Genetics (1936) ‘ 5 0 0 
Artemia Salina (1934: £35) ; 20 0 O 
Wicken Fen (1938) 50 0 O 
498 0 3 
2. Paw out or Cairp Funp. 
Seismology (1895: £4,720 14s. 8d.) . 100 0 O 
Mathematical Tables (1913: £1,436 5s. 8d. and dew) . 151 9 11 
Kent’s Cavern (see above) . 5 0 0 
256 9 Il 
3. ouT OF CUNNINGHAM BzrguestT. (1929) 
Mathematical Tables (£2,259 3s. 9d.) . ‘ 31 10 
4. Par out or LEICESTER AND LEICESTERSHIRE Funp, 1933. 
Fens : Archaeological Excavation (1937) : F ; 25 0 0 
Informative Content of Education (1937) ‘ ‘ : 1 0 3 
Mr. J. V. Westwood . 40 0 0 
66 0 3 
5. Parp out oF Norwicu Funp, 1935. 
Dr. A. S. Watt : Breckland plants 21 0 0 
Norfolk Research Committee: Investigations at West 
54 2 0 
£906 2 5 
6. UNEXPENDED BALANCES OF GRANTS REFUNDED : a 
General Fund : Committee on Cytology and Genetics . 211 3 
Bernard Hobson Fund : meant oolites Com- 
mittee . , 7 14 
£10 5 9 
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